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THERAPY OF IDIOPATHIC SUDDEN SENSORINEURAL HEARING 
LOSS: ANTIVIRAL TREATMENT OF EXPERIMENTAL HERPES 
SIMPLEX VIRUS INFECTION OF THE INNER EAR 


ROBERT J. STOKROOS, MD, PHD 
MAASTRICHT, THE NETHERLANDS 


FRANS W. J. ALBERS, MD, PHD 
GRONINGEN, THE NETHERLANDS 


JURJEN SCHIRM, PHD 
GRONINGEN, THE NETHERLANDS 


Experimental herpes simplex virus type 1 (HSV-1) labyrinthitis provides a model of idiopathic sudden sensorineural hearing 


_ loss (SSHL). Corticosteroids improve the prognosis for hearing recovery in ISSHL, but the effects of acyclovir are unknown. To 


establish the therapeutic efficacy of acyclovir (Zovirax) and prednisolone in experimental HSV-1 viral labyrinthitis, we induced 
HSV-1 labyrinthitis in 12 guinea pigs. Three animals received no treatment, 3 received prednisolone, 3 received acyclovir, and 3 
received both, Four other animals served as controls, receiving culture medium only. Hearing, HSV-1 antibody titers, and cochlear 
damage were evaluated. The HSV-1 labyrinthitis caused hearing loss within 24 hours. Combination treatment consisting of pred- 
nisolone and acyclovir resulted in earlier hearing recovery and less extensive cochlear destruction compared to prednisolone or 
acyclovir as a monotherapy. The beneficial effect of this treatment modality remains to be demonstrated in ISSHL. 


KEY WORDS — acyclovir, herpes simplex virus, idiopathic sudden sensorineural hearing loss, prednisolone. 


INTRODUCTION 


Therapy of idiopathic sudden sensorineural hear- 


_ ing loss (ISSHL) is a subject of controversy. The 


high spontaneous recovery rate of ISSHL (45% to 
60%)!2 and the low incidence of ISSHL (8 to 13.8 
per 100,000) in the Netherlands and Flanders? make 
validation of empirical treatment modalities difficult, 
and its unknown pathophysiology impedes a ratio- 
nal approach. Earlier therapeutic efforts were aimed 
at restoring a supposed impaired cochlear circula- 
tion, but treatment results did not exceed placebo 
results.4 Early application. of corticosteroids has a 
modest beneficial effect on hearing recovery in 


~ ISSHL, but its interference with cochlear pathophysi- 


ology in ISSHL remains unclear.*-° 


In the literature, an important role of viral cochlear 
labyrinthitis in the pathogenesis of ISSHL is as- 
sumed, on the basis of clinical and serologic èvi- 
dence and of a strong resemblance of cochlear his- 


topathology found in experimental labyrinthitis to ` 


postmortem temporal bone histopathology in ISSHL 
patients.7-? We have developed an animal model of 
ISSHL in which herpes simplex virus type 1 (HSV- 
1) elicits sudden sensorineural hearing loss in the 
guinea pig inner ear (unpublished observations). In 





treatment of other manifestations of herpetic infec- 
tions, the combination of corticosteroids and acyclo- 
vir seems to possess a synergistic therapeutic effect.10 
In this study an animal experiment was performed 
to evaluate the influence of steroids and acyclovir 
(Zovirax), either as a monotherapy or as a combina- 
tion therapy, on cochlear function and cochlear his- 
topathology in experimental HSV-1 labyrinthitis. The 
results may contribute to a more substantive approach 
to the treatment of ISSHL. 


MATERIAL AND METHODS 


McIntyre strain HSV-1 was grown in monolayers , 
of human embryonic lung fibroblasts, using culture 
medium consisting of minimal essential medium and 
Hanks’ salts supplemented with fetal calf serum. 
When the fibroblasts showed an extensive cytopathic 
effect, the culture supernatant was cleared by cen- 
trifugation at 2,000 rpm for 10 minutes. This cleared 
supernatant, which contained 8 x 104 U of the me- 
dian tissue culture infective dose per milliliter, was 
used for infecting the guinea pigs. 


Sixteen healthy male albino guinea pigs (weight 
400 to 500 g) with a positive Preyer’s reflex received 
general halothane anesthesia. Via a retroauricular in- 
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TABLE 1. EFFECT OF THERAPEUTIC REGIMENS ON PREYER’S REFLEX IN EXPERIMENTAL HSV-1! 
V RAL LABYRINTHITIS 


Day 3 Day 4 Day 5 Day 6 Day 7 





Guinea Pig No. Day | Day 2 
HSV-1, untreated 
| - = = = + - - 
2 = = = = z; = 
3 - - - = = = = 
HSV-1. prednisolone 
4 - - - = - - + 
5 < - - - - + + 
6 = - = = = t + 
HSV-1, acyclovir 
7 = = = = = = = 
8 = = = == = = 
9 = = = st + 5 = 
HSV-1, prednisolone-acyclovir 
10 - - - £ + + + 
11 - - + + + + + 
12 ~ - + + + 7 -e 
HSV-1 — herpes simplex virus type 1: — — reflex absent: + — reflex dubiously present; + — reflex present. 


cision, the tympanic bulla of the left ear was exposed 
and opened. A beveled glass pipette (World Preci- 
sion Instruments) with a tip measuring 50 um in di- 
ameter was introduced through the round window 
membrane into the perilymphatic space by means of 
a micromanipulator (World Precision Instruments). 
Via a microdosage system (Mitutoya), 2 mL of the 
HSV-1 suspension was injected in 2 minutes into the 
perilymphatic space. 


Four groups were formed: 3 animals were inocu- 
lated with the virus suspension and remained un- 
treated, 3 animals were inoculated with the virus sus- 
pension and were treated with prednisolone, 3 ani- 
mals were inoculated with the virus suspension and 
were treated with acyclovir (Zovirax, Glaxc Well- 
come), and 3 animals were inoculated with the virus 
suspension and treated with both acyclovir and pred- 
nisolone. Treatment began on the day of inoculation. 
An additional group of 4 animals received the cul- 
ture medium only. Prednisolone was administered 
in a dosage of | mg/kg, intraperitoneally, orce per 
day for 7 days; acyclovir was administered in a dos- 
age of 10 mg/kg, intraperitoneally, 3 times per day 
for 7 days. Each day, auditory function was moni- 
tored via Preyer’s reflex. In a quiet room, a click 
stimulus of 90 to 95 dB sound pressure level was 
applied | cm lateral to the pinna of the inoculated 
ear. The contralateral ear was shielded from the stim- 
ulus. Only a clearly seen pinna twitch was accepted 
as a positive response. Three stimuli were given and 
the reflex was judged positive if at least 2 of the 3 
stimuli were able to elicit a pinna twitch, and incon- 
clusive if only | pinna twitch was observed (Table 
1). Blood samples were obtained both prior to inoc- 


ulation and just before sacrifice, and herpes simplex 
virus (HSV) antibody titers were determined in both 
samples in the following 2 different ways. Comple- 
ment-fixing HSV antibodies were measured by a 
modification of the Laboratory Branch complement 
fixation micromethod,'! which can also be applied 
on sera from guinea pigs.'? The HSV-specific immu- 
noglobulin G (IgG) titers were determined by indi- 
rect immunofluorescence on acetone-fixed HS V-in- 
fected cells, by means of fluorescein isothiocyanate— 
labeled goat anti—guinea pig IgG reagent (Southern 
Biotechnology Associates, Inc). On day 7, all ani- 
mals were painlessly sacrificed. Primary fixation 
took place by intralabyrinthine perfusion with 2.5% 
glutaraldehyde in a 0.08-mol/L sodium cacodylate 
buffer (pH 7.4). After dissection of the cochlea, im- 
mersion fixation with the same fixative was carried 
out over a period of 3 hours. Decalcification took 
place in 10% ethylenediaminetetraacetic acid-2Na 
(pH 7.4). Postfixation was performed with 1% osmi- 
um-ruthenium and 1.5% 4-potassium ruthenium 6- 
cyanide followed by dehydration in graded alcohol. 
After embedding, midmodiolar sections of the co- 
chlea were stained with toluidine blue and evalu- 
ated by light microscopy (Olympus OM2) and judged 
by a panel of 4 independent observers experienced 
in the evaluation of inner ear disease. In each ani- 
mal, morphological and structural damage was as- 
sessed for different cochlear structures. If only mi- 
nute morphological alterations had occurred, dam- 
age was categorized as slight. If morphological 
changes were more severe, but cochlear structures 
could still be recognized, damage was categorized 
as moderate. If morphological changes were pro- 
found to the extent that cochlear structures could no 


a 
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TABLE 2. STRUCTURAL CHANGES OF COCHLEA IN EXPERIMENTAL HSV-1 LABYRINTHITIS 


























AND ITS TREATMENT 
; HSV-I, 
HSV-1, f HSV-1, Prednisolone- 
HSV-1 Prednisolone Acyclovir Acyclovir 

1 2 3 4 5 6 7 8 9 10. 12 
Scala vestibuli ++ ++ +++ + ++ eb +++ ++ ++ ++ + + 
Scala tympani + + + 0 + + + + + + 0 0 
Scala media 0 0 0 0 + 0 + 0 0 0 0 0 
Reissner’s membrane 0 0 + 0 0 + + 0 0 0 0 0 
Stria vascularis ++ +44 ++ 0 + + ++ ++ ++ + 0 0 
Supporting cells +++ +H ++ + ++ ++ +++ +t H + 0 0 
Outer hair cells ttt +++ +H ++ ++ +++ +++ ++ ttt ++ + + 
Inner hair cells +t +H +H Ht +H +H +H tH ë +t ++ ++ ++ 
Tectorial membrane ++ +++ +++ ++ +++ +++ tt+ +H +t + + + 
Nerve fibers ++ + ++ 0 + + ++ + + 0 0 0 
Spiral ganglion cells ++ + + 0 + ++ ++ + + 0 0 0 


Numbers in heading are guinea pig numbers. 


+++ — destroyed; ++ — damaged; + — slightly damaged; 0 — normal. 





longer be recognized, the structures were considered 
to be destroyed (Table 2). 


RESULTS 


Observation of Auditory Function. Preyer’s reflex, 
suggesting the presence of hearing, was positive be- 
fore inoculation with HSV-1 in all animals (Table 
1). Hearing loss occurred in the affected ear within 
24 hours in all animals inoculated with HSV-1. The 
animals inoculated with the culture medium showed 
no sign of hearing loss. 


In the untreated group, hearing did not recover. In 
the prednisolone-treated group, hearing had recov- 
ered by day 7. In the acyclovir-treated group, hear- 
ing did not recover. In the acyclovir-prednisolone— 
treated group, hearing recovery occurred after 3 to 5 
days. 


Serologic Evaluation. No systemic symptoms of 
viral infection were observed in any of the animals. 
However, HSV IgG seroconversions were demon- 
strated in all HS V-inoculated animals and in none of 
the control animals. The HSV IgG titers in the sec- 
ond serum samples of the infected animals, as mea- 
sured by immunofluorescence, varied between 10 
and 280 (median titer 20). No HSV antibodies were 
found when the less-sensitive complement fixation 
test was used. 


Light Microscopic Evaluation. In all animals in- 
oculated with the culture medium and in all contralat- 
eral ears of the HSV-inoculated animals, the peri- 
lymphatic spaces showed no sign of bleeding or fi- 
brosis (Table 2). Reissner’s membrane was intact. 
The stria vascularis showed its normal architecture. 
The supporting cells were normal, and the outer and 


inner hair cells were intact. The tectorial membrane 
was in its normal position, and the tunnel of Corti 
had its normal shape. Cochlear neural fibers and spi- 
ral ganglion cells were not affected. 


In animals inoculated with HSV-1 (see Figure, A), 
we found some blood cells lying peripherally in the 
scala vestibuli. In the scala tympani, these cells were 
surrounded by a loose peripheral network of fibro- 
sis. In the scala media, no bleeding or fibrosis was 
observed. Reissner’s membrane was intact and in its 
normal position. The stria vascularis showed a dis- 
turbed architecture: the intermediate cell layer 
showed dilated blood vessels that were filled with 
erythrocytes. The stria vascularis was swollen with 
the presence of increased intercellular spaces in the 
intermediate cell layer. An inflammatory infiltration 
was present in the stria vascularis and in the spiral 
ligament. Supporting cells were flattened or de- 
stroyed. Outer and inner hair cells were completely 
shriveled. The tunnel of Corti was not recognizable. 
The tectorial membrane was elevated from the or- 
gan of Corti and in some cases lying loose in the 
scala media, but its shape remained unchanged. Both 
nerve fibers and ganglion cells showed some inflam- 
matory infiltration. Distribution of cochlear damage 
and severity of cochlear damage were comparable 
in all HSV-1-—inoculated, untreated animals. 


In the animals treated with prednisolone after in- 
oculation (see Figure, B), some bleeding was present 
in the apical portion of the scala vestibuli. This bleed- 
ing was more profound in the acyclovir-treated group 
(see Figure, C) and much less in the acyclovir-pred- 
nisolone-treated group (see Figure, D). In the pred- 
nisolone-treated group, the scala tympani showed a 
looseiperipheral network of fibrosis lying peripher- 
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ally in the basal coils of the cochlea. This fibrosis 
was slightly more dense and accompanied by bleed- 
ing in the acyclovir-treated group. In the acyclovir- 
prednisolone—treated group, a very mild fibrosis ly- 
ing peripherally in the basal coils was found. Reiss- 
ner’s membrane remained intact in all 3 groups, but 
appeared slightly thickened in some animals. The 
stria vascularis showed dilated blood vessels and in- 
flammatory cells in the animals treated with prednis- 
olone and, to a more pronounced degree, in the ani- 
mals treated with acyclovir. When both prednisolone 





Light microscopy of midmodiolar 
sections of guinea pig cochleas 
showing experimental herpes sim- 
plex virustype | labyrinthitis (orig- 
inal x 100). A) Untreated. There is 
extensive destruction of organ of 
Corti and supporting cells (arrow). 
Stria vascularis shows severe mor- 
phological degeneration (aster- 
isk). B) After treatment with pred- 
nisolone, There is diminished de- 
struction of organ of Cortiand sup- 
porting cells (arrow) and less 
bleeding in scala vestibuli (aster- 
isk) compared to untreated ani- 
mals. C) After treatment with acy- 
clovir. There is severe destruction 
of organ of Corti and supporting 
cells (arrows) and considerable 
bleeding in scala vestibuli and sca- 
la tympani (asterisk), D) After 
treatment with prednisolone and 
acyclovir. Organ of Corti and sup- 
porting cells are much less affect- 
ed (arrow) compared to untreated 
animals and animals receiving 
monotherapy. Stria vascularis has 
almost normal architecture (aster- 
isk). 


and acyclovir were applied, pathological changes 
were almost totally absent. The supporting cells were 
flattened and damaged in the animals receiving pred- 
nisolone. This finding was more pronounced in the 
animals receiving acyclovir as a monotherapy, and 
considerably less in the apical coils of the animals 
receiving both treatment modalities. 


Outer hair cell damage was severe in the prednis- 
olone-treated group, profound in the acyclovir- 
treated group, and less severe in the prednisolone- 


Y 
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acyclovir—treated group, in which the apical wind- 
ings of the cochlea were unaffected. Inner hair cells 
were completely destroyed in both groups receiving 
monotherapy, and were damaged in the basal coils 
in the group receiving combination treatment. The 
tectorial membrane was elevated in both groups re- 
ceiving monotherapy, but remained attached to the 
cochlea in the animals receiving the combination 
therapy. 


A mild inflammatory reaction existed in nerve fi- 
bers and spiral ganglion cells of the animals receiv- 
ing prednisolone monotherapy, this reaction being 
greater in the animals treated with acyclovir only. In 
the group receiving the combination therapy, this re- 
action could not be established. 


The number of animals inoculated in this study is 
too small to draw strong, statistically significant con- 
clusions from between-group differences. However, 
both the pattern and the severity of cochlear damage 
within treatment groups showed a relatively small 
variability. Between-treatment group differences 
were more obvious, especially in comparing un- 
treated animals to animals treated with prednisolone 
or with both prednisolone and acyclovir (Table 2). 


DISCUSSION 


Auditory Function. Our study was directed primar- 
ily toward the assessment of histopathologic dam- 
age in treatment of experimental HSV-1 labyrinthi- 
tis. The establishment of hearing function was con- 
sidered to be secondary to this goal. Although behav- 
ioral tests such as Preyer’s reflex are able to provide 
information on the presence of hearing,!3-!6 measur- 
ing electrophysiological parameters is probably more 
sensitive and more precise in establishing hearing 
loss. We decided to use Preyer’s reflex monitoring 
because it provides a reproducible estimate of the 
presence of hearing without any risk of interfering 
with the histopathology of the labyrinthitis we in- 
duced. Second, Preyer’s reflex monitoring can be 
performed rapidly and repeatedly in a relatively large 
group of animals, in contrast to measuring electro- 
physiological parameters. Therefore, in this study de- 
sign, the advantages of Preyer’s reflex outweigh the 
more precise estimate of hearing threshold obtained 
by measuring electrophysiological parameters. 


The HSV-1 labyrinthitis caused rapid hearing loss 
that recovered within 7 days of treatment with pred- 
nisolone. This finding is consistent with our clinical 
experience. Although the application of acyclovir 
alone did not lead to hearing recovery, the combined 
treatment of HSV-1 labyrinthitis with both acyclovir 
and prednisolone seems to elicit earlier hearing re- 
covery than is observed with prednisolone alone. 


Serologic Evaluation. The experimentally induced 
HSV-1 labyrinthitis, causing both hearing loss and 
gross structural damage to the cochlea, followed an 
otherwise symptomless course and was not accom- 
panied by the appearance of HSV-specific comple- 
ment-fixing antibodies. However, the primary HSV 
infection in the inoculated animals could be con- 
firmed by HSV IgG seroconversion. Whether a non- 
primary, local HSV infection, as might be present in 
ISSHL, can be detected by serologic evaluation re- 
mains to be demonstrated. 


Light Microscopic Evaluation. Histopathologic 
changes found in the cochlea after induction of viral 
labyrinthitis by HSV-1 included a consistent pattern 
of severe damage to the stria vascularis, atrophy of 
the organ of Corti, elevation or loosening of the tec- 
torial membrane, and inflammation of the neural fi- 
bers and ganglia. These pathological changes show 
a strong resemblance to postmortem cochlear histo- 
pathology described in ISSHL,’? although in these 
subjects, the time interval between occurrence of 
ISSHL and observation of cochlear histopathology 
was obviously much longer than in our experimen- 
tal design. This delay might be responsible for the 
differences between our experimental observations 
and descriptions of ISSHL postmortem histopathol- 
ogy in the literature. 


The results of this study indicate that early appli- 
cation of corticosteroids suppresses the inflamma- 
tory reaction to HSV-1, thereby limiting structural 
damage to the cochlea. However, significant destruc- 
tion remains, perhaps explaining the modest success 
of ISSHL treatment with prednisolone. Application 
of antiviral medication as a monotherapy aimed at 
the prevention of viral multiplication did not alter 
the devastating effects of HSV-1 labyrinthitis. Per- 
haps viral spreading is already too extensive with 
the perilymphatic inoculation pathway. Theoretically, 
the combination of prednisolone and acyclovir will 
lead not only to a suppressive effect of the inflam- 


. matory reaction but also to a limitation of viral mul- 


tiplication and spreading, thereby limiting direct cy- 
topathic effects of the virus.!7:!8 In this study, the 
combination of both prednisolone and acyclovir 
seems to be synergistic in limiting cochlear damage, 
compared to prednisolone application as a monother- 
apy: less damage occurred to the organ of Corti and 
the stria vascularis, especially in the apical wind- 
ings of the cochlea. Also, the inflammatory reaction 
found in neural structures seems to be limited fur- 
ther by this combined treatment. 


CONCLUSIONS 


Histopathologic changes caused by experimental 
HSV-1 labyrinthitis show a striking resemblance to _ 
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histopathologic changes described in ISSHL pa- 
tients.” Consistently, severe deterioration of co- 
chlear function and of cochlear structures occurs, 
while no systemic manifestations of viral infection 
are observed. This provides further support ‘or the 
hypothesis that ISSHL might be caused by a viral 
labyrinthitis, possibly involving the herpesvirus fam- 
ily. Treatment with corticosteroids seems to allevi- 
ate hearing loss and to limit cochlear damage in ex- 
perimental HSV-1 labyrinthitis. Adding acyclovir to 
prednisolone treatment leads to earlier relief of the 
hearing loss and to further limitation of structural 
cochlear damage in experimental HSV-1 labyrinthi- 


tis. 


This combination therapy has already proven its 
effectiveness in Ramsay Hunt syndrome and in her- 
pes zoster oticus. It has also been proposed for treat- 
ment of Bell’s palsy.'? The usefulness of early corti- 
costeroid application in ISSHL has been reported in 
the literature. Our study results suggest a synergis- 
tic therapeutic effect of the combination of cortico- 
steroids and acyclovir in the treatment of ISSHL. 
We are currently investigating this treatment modal- 
ity in ISSHL patients in a randomized, double-blind, 
placebo-controlled clinical study. 
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OUTCOME OF BRAIN STEM AUDITORY ELECTROPHYSIOLOGY IN 
CHILDREN WHO SURVIVE PURULENT MENINGITIS 


ZE D. JIANG, MD, PHD 
OXFORD, ENGLAND 


Brain stem auditory electrophysiology was assessed in children long after purulent meningitis by examining the central compo- 
nents of brain stem auditory evoked response (BAER) at different presentation rates of clicks. Children with peripheral hearing loss 
were excluded from this study to avoid any possible influence of the loss on the measurements of BAER central components. Of the 
70 children who had recovered from meningitis 2 to 8 years earlier, 9 (12.9%) showed abnormalities in BAER central components 
— mainly a slight reduction of wave V amplitude, at the click presentation rate of 10/s. Of the remaining 61 children who did not 
show any obvious abnormalities in the BAER at 10/s, an abnormally prolonged I-V interval and a reduced amplitude of wave V were 
seen in 5 children (8.2%) at the click rate of 90/s. The total BAER abnormality rate was therefore 20.0% (14/70 cases). The results 
suggest that most children who survive purulent meningitis have a favorable outcome for the brain stem auditory pathway, with 
about 1 in 5 having mild dysfunction or a suboptimal outcome in the pathway. 


KEY WORDS — auditory development, auditory dysfunction, brain stem auditory evoked response, children, evoked poten- 


tials, hearing loss, meningitis. 


INTRODUCTION 


Numerous reports have shown that bacterial men- 
ingitis is often accompanied by auditory impair- 
ment.!-6 Although peripheral hearing loss is a well- 
known sequela of bacterial meningitis, whether there 
is a sequela pertaining to central auditory function 
following this disease remains largely unclear. This 
knowledge is important for planning rational inter- 
vention and rehabilitation measures for neurologic se- 
quelae in children who survive purulent meningitis. 


Precise assessment of auditory functions in chil- 
dren is often difficult, due to their poor cooperation 
during examination. The brain stem auditory evoked 
response (BAER) reflects electrophysiological ac- 
tivity of large numbers of neurons in the brain stem 
auditory pathway following acoustic stimulation. The 
various deflections in the response represent neural 
activity at different levels of the auditory brain stem. 
Waves I and II are generated in the extracranial and 
intracranial portions of the eighth nerve, respectively. 
Subsequent waves are generated from auditory cen- 
ters at gradually higher levels of the auditory path- 
way in the brain stem. Wave V, the major deflection 
of the BAER, is generated, most likely, in the lateral 
lemniscus and, less likely, in the inferior colliculus, 
located in the rostral brain stem. This response can 
be noninvasively recorded from the scalp. Since it is 
minimally affected by sedatives and consciousness, 
it has been widely used as an objective test for audi- 
tory function in children with various neurologic con- 
ditions that affect the brain stem auditory pathway, 


including bacterial meningitis. 13:6-8 


Previous studies have shown that the BAER, elic- 
ited by clicks presented at conventional rates (usu- 
ally 10/s to 21/s), was normal in most children stud- 
ied who recovered from purulent meningitis. 13-6 
However, this does not rule out the possibility that 
some of the children might have had subtle auditory 
dysfunction or suboptimal auditory function that es- 
caped recognition by the BAER elicited with con- 
ventional rates. The method of increasing stimulus 
rate has been suggested to be a potentially useful 
“stress test” to improve the sensitivity of the BAER 
in detecting auditory dysfunction.?!3 It seems that 
by presenting a physiological challenge to the audi- 
tory neurons, this stimulus stress test could be used 
to detect suboptimal auditory function in these chil- 
dren. 


This study was designed to assess the outcome of 
brain stem auditory electrophysiology in children 
long after purulent meningitis and determine the 
prevalence of residual auditory dysfunction by ex- 
amining the central components of the BAER. In 
particular, in order to detect any suboptimal audi- 
tory function that may not be shown by the BAER 
with conventional rates, the BAER was also recorded 
at higher stimulus rates in the children who did not 
show any obvious abnormalities in the BAER at 10/ 
s clicks. 


METHODS 
Subjects. A total of 78 children who had been 
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found to have purulent meningitis between 8 days 
after birth and 6 years and were treated in Ch Idren’s 
Hospital, Shanghai Medical University, were re- 
cruited. In order to avoid any possible influence of 
peripheral hearing loss on the measurements of 
BAER central components, 8 children who showed 
evidence of hearing loss, including an increase in 
BAER thresholds, were excluded from this study. 
The remaining 70 children were 39 boys and ?1 girls, 
ranging in age from 2 to 12 years (mean 5 years 6 
months). All had a BAER threshold of less than 20 
dB normal hearing level (nHL). The study was car- 
ried out between 2 and 8 years after the subjects had 
recovered from meningitis. 


All these children underwent neurologic exami- 
nations by pediatric neurologists. Clinical and labo- 
ratory data from the period of hospitalization were 
obtained retrospectively from the patients’ charts. 
None had a history of deafness or neurologic dis- 
ease other than meningitis and its consequences. The 
main complications during hospitalization included 
seizures (22 cases), hydrocephalus (8 cases), enlarged 
ventricles (6 cases), subdural effusion (6 cases), coma 
(9 cases), nerve palsies (4 cases), and anemia (5 
cases). Antibiotics were administered to all subjects. 
Penicillin sodium was given intravenously fer men- 
ingococcal (28 cases) and pneumococcal (9 cases) 
meningitis. Chloramphenicol sodium succinate and 
ampicillinsodium were given for Haemophilus influ- 
enzae (18 cases) and unknown organisms (15 cases). 
The antibiotic treatments lasted for 10 to 15 days in 
most cases. Normal controls were 92 age-matched 
healthy children with a normal history of neurologic 
development and no history or evidence of auditory 
or neurologic disease. 

Recording of BAER, Subjects lay supine on a soft 
bed in a sound-isolated and electrically shieldec room. 
They were tested during sleep following oral admin- 
istration of chloral hydrate (40 mg/kg) to reduce mus- 
cle artifacts, as was approved by the Academic Com- 
mittee of the institution and with the consent of the 
parents. Three silver—silver chloride disk electrodes 
were placed, respectively, at the forehead in the mid- 
line (positive), at the earlobe ipsilateral to the acous- 
tic stimuli (negative), and at the contralateral earlobe 
(ground). Interelectrode resistance was mairtained 
at 5 KQ or less. Rarefaction clicks of 100-microsec- 
ond duration were used as acoustic stimuli. The clicks 
were presented at an intensity of 70 dB nHL, deliv- 
ered monaurally through TDH 39 earphones. The 
contralateral ear was masked with white ncise 40 
dB below the ipsilateral click stimuli. All children 
were tested at a click rate of 10/s. In the children 
who had a normal BAER at 10/s, the presentation 
rate was then increased from 10/s to 50/s and 90/s in 


sequence. In the subjects who remained asleep fol- 
lowing these recordings, the test was continued at 
click rates of 30/s and 70/s. 


Brain stem responses to 1,024 clicks were recorded 
for each run. The recording signals were preamplified 
(x105), bandpass-filtered between 100 and 2,000 Hz, 
and processed by an averaging computer. An auto- 
matic artifact rejection was used to reduce the inclu- 
sion of high-amplitude muscular activity in the av- 
eraged responses. The ongoing filtered electroen- 
cephalogram and the running averaged BAER were 
carefully monitored during averaging. Sampling was 
discontinued whenever there were excessive muscle 
artifacts on the monitoring oscilloscope. 


BAER Measurements and Data Analysis. The main 
BAER measurements analyzed were the I-V inter- 
peak interval and the wave V amplitude, determined 
from the positive peak of a BAER component to the 
immediately following negative trough. Normative 
criteria of various BAER measures for children were 
determined as follows. For interpeak intervals, val- 
ues exceeding 2.5 standard deviations above the 
means of the normal controls were considered ab- 
normal. The upper limits for the I-III, H-V, and I-V 
intervals were 2.6, 2.2, and 4.5 milliseconds (ms), 
respectively. The fifth percentiles of amplitude val- 
ues seen in the normals were determined as the lower 
limits for wave amplitudes. The normative lower lim- 
it for wave V amplitude was 0.25 uV, and for V/I 
amplitude ratio was 0.40 (2 to 6 years) or 0.45 (7 to 
12 years). The upper limits of normative criteria for 
l-V interval increments from 10/s to higher rates of 
the clicks, which were defined as 2.5 standard devi- 
ations above the means of the increments in the con- 
trols, were 0.85 ms and 1.10 ms for the increment 
between 10/s and 50/s and for that between 10/s and 
90/s, respectively. The amplitude of wave V was re- 
duced less than 40% in 88 of the 92 controls (95.7%) 
with the increase of click rate from 10/s to 50/s, and 
less than 55% in 89 (96.7%) trom 10/s to 90/s. These 
reduction rates were defined as the upper limits for 
the decrement of wave V amplitude. 


Neurologic examinations and BAER recording 
and measurement were performed by different clini- 
cal and research staff. The measurement and analy- 
sis of BAER recordings were strictly blind to the 
results of the neurologic examinations. 


RESULTS 


BAER at Click Rate of Ten Per Second. Most of 
the children who survived purulent meningitis did 
not show any obvious abnormalities in BAER wave- 
form morphology, although wave amplitudes tended 
to be slightly depressed. No significant differences 
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TABLE 1. COMPARISON OF BAER INTERPEAK 
INTERVALS IN CHILDREN WHO SURVIVED 
PURULENT MENINGITIS (N = 70) WITH THOSE 
IN NORMAL CONTROLS (N = 92) AT DIFFERENT 














CLICK RATES 
Click 
Rate Subjects I-I Hiì-V I-V 
10/s Normal 2.18 +0.17 1.80+0.16 3.97 + 0.22 
Postmeningitis 2.17 +0.19 1.83 +0.17 4.01 +0.25 
50/s Normal 2.36 +0.21 1.96+0.18 4.31 +0.26 
Postmeningitis 2.37 +0.19 1.99+0.16 4.36 +0.24 
90/s Normal 2.51 +0.20 2.11 +0.19 4.60 + 0.26 


Postmeningitis 2.58 +0.22 2.20 +0.21 4.79 + 0.28* 
Data are milliseconds (mean + SD). 
BAER — brain stem auditory evoked respense. 


*p < .05 by Student’s t-test for comparison of difference between 
postmeningitis children and normal controls. None of other differ- 
ences are statistically significant. 








were found between the study children and the nor- 
mal controls in any of the 3 interpeak intervals (I- 
IU, II-V, and I-V; Table 1). Only the wave V ampli- 
tude (0.34 + 0.12 LV) was reduced slightly compared 
to that of the controls (0.39 + 0.10 WV, p < .05). 


Abnormal BAER results were seen in 9 of the 70 
children (12.9%), including 7 with an amplitude of 
wave V slightly below the normal lower limit (0.17 
to 0.23 uV, Fig 1A), 1 with a decreased V/I ampli- 
tude ratio (Fig 1B), and 1 with a prolonged I-V in- 
terval (Fig 1C and Table 2). The remaining 61 chil- 
dren did not show any obvious abnormalities and 
underwent further BAER testing at higher click rates. 


` BAER at Clicks With Higher Presentation Rates. 
The rate-dependent changes in the BAERs of the 
children who survived meningitis and had a normal 
BAER at 20/s were generally similar to those of the 
normals. All wave latencies and interpeak intervals 
were prolonged linearly with an increase in click rate. 
At the higher rates, BAER latencies and intervals in 
the study children increased slightly more than in 
the controls (Table 1), while wave amplitudes de- 
creased slightly more. Statistical analyses showed 
that only the I-V interval at 90/s differed significantly 
(Table 1). The wave V amplitude at 90/s in the study 





TIME (ms) 


Fig 1. Sample brain stem auditory evoked response re- 
cordings from 3 children showing A) reduced amplitude 
of wave V (patient age 11 years), B) decreased V/I am- 
plitude ratio (patient age 8 years), and C) prolonged I-V 
interval (patient age 5 years), long after purulent menin- 
gitis. Dashed lines are recordings of age-matched con- 
trols. 


children (0.26 + 0.10 WV) also differed significantly 
from that in the controls (0.30 + 0.12 LV; p < .05). 
Abnormal BAER results at higher click rates were 
seen slightly more at clicks of 90/s than at 50/s (Table 
2). At the clicks of 50/s, 3 of the 61 children (4.9%) 
had abnormalities in the BAER, including 1 abnor- 
mally prolonged I-V interval and 2 abnormally re- 
duced amplitudes of wave V. At the clicks of 90/s, 5 
children (8.2%) had either an abnormally prolonged 
I-V interval (2 cases) or an abnormally reduced am- 
plitude of wave V (3 cases). The total BAER abnor- 
mality was increased, from 12.9% at clicks of 10/s, 
to 17.1% at both 10/s and 50/s, and to 20.0% at both 
10/s and 90/s. 


Figure 2 shows representative BAER recordings 
in 2 children who survived purulent meningitis. The 
recordings at 10/s and 50/s clicks were all normal. 


TABLE 2. NUMBER OF MENINGITIS SURVIVORS WITH ABNORMAL BAER FINDINGS AT VARIOUS CLICK RATES 














Reduced Decreased VII 
Click Prolonged Amplitude Amplitude No. of Total No. of 
Rate Number I-V Interval of Wave V Ratio Abnormalitiest Abnormalities 
10/s 70 1 7 1 9/70 (12.9%) 9/70 (12.9%) 
50/s 61* 1 2 0 3/61 (4.9%) 12/70 (17.1%)§ 
90/s 61* 2 3 0 5/61 (8.2%) 14/70 (20.0%)£ 


*Number excludes children who had abnormal BAER at 10/s clicks. 


+Number of BAER abnormalities (includ:ng prolonged I-V interval, reduced amplitude of wave V, and decreased V/I amplitude ratio) at each 


click rate. 
§Number of BAER abnormalities at both 10/s and 50/s clicks. 
Number of BAER abnormalities at both 10/s and 90/s clicks. 
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At 90/s clicks, 1 of the children showed an abnor- 
mally prolonged l-V interval (Fig 2A) and the other 
showed an abnormally reduced amplitude of wave 
V (Fig 2B). 


Clinical Correlation. During hospitalizat.on, the 
major complications in the 14 children who showed 
an abnormal BAER in this study were hyd-oceph- 
alus (6 cases) and enlarged ventricles (4 cases). No 
clear correlation was found between the BAER re- 
sults and the type of causative microorganism. All 
the children who enrolled in this study had various 
degrees of signs of elevated intracranial pressure, 
including irritability, full fontanelle, headache, nau- 
sea, papilledema, vomiting, lethargy, altered con- 
sciousness, convulsion, signs of herniation, and de- 
corticate posturing. These signs were much more se- 
vere in the 14 children with an abnormal BAER than 
in those who had a normal BAER. 


In general, the younger the age at which meningi- 
tis occurred, the more likely the BAER was to be 
abnormal. The BAER abnormalities were seen much 
more frequently in children who had menirgitis at 
or before | year of age (33%) than in those who had 
meningitis after | year of age (13%; %? = 4.05; p < 
.05). This was also the case for neurologic examina- 
tions; ie, neurologic sequelae were seen more fre- 
quently in children who had meningitis at or before 
| year of age (46%) than in those who had meningi- 
tis after 1 year of age (17%; x? = 6.16; p < .05). 


At the time of this study, physical and neurologic 
examinations revealed that the children with an ab- 
normal BAER frequently had neurologic sequelae, 
while most of the children with a normal BAER did 


POST-MENINGITIS 


Fig 2. Representative brain stem 
auditory evoked response record- 
ings in 2 children who survived 
purulent meningitis in compari- 
son with normal control (9 years 
old). Recordings at 90/s clicks are 
abnormal; A — abnormally pro- 
longed I-V interval in 7-year-old: 
B — abnormally reduced ampli- 
tude of wave V in 10-year-old. 


TIME (ms) 


not show any apparent sequelae, Of the 9 children 
with an abnormal BAER at 10/s clicks, 6 (66.7%) 
had neurologic sequelae, including 2 with petit mal 
seizures, | with spastic hemiparesis, and 3 with hy- 
peractivity. Three of the 5 children who had an ab- 
normal BAER at 90/s clicks (60.0%) but a normal 
BAER at 10/s clicks also had abnormal neurologic 
findings (1 with nerve palsies and 2 with hyperac- 
tivity). Of the remaining 56 children who had nor- 
mal BAERs at both 10/s and higher rates of clicks, 
neurologic sequelae were found in only 10 patients 
(17.9%), including 3 with psychomotor seizures, | 
with spastic hemiparesis, 2 with nerve palsies, | with 
poor vision and incoordination, and 3 with hyperac- 
tivity. Of the 6 children who showed clinical signs 
of brain stem dysfunction (nystagmus, other eye 
movement abnormalities, or ataxia), 4 had BAER 
abnormalities: 2 at clicks of 10/s and the other 2 at 
90/s. 


DISCUSSION 


Abnormalities in BAER central components fol- 
lowing bacterial meningitis have been reported by 
several authors.!-8 The abnormalities are mostly re- 
versible and can normalize after recovery from the 
disease. A prolongation of interpeak intervals is the 
most frequent finding. The present study showed, 
however, that the major BAER abnormality long 
after recovery is a reduction of wave V amplitude, 
while a prolongation of interpeak intervals is uncom- 
mon. A likely explanation of the difference between 
our observations and those of others is a discrep- 
ancy between these studies in the time when BAER 
testing was conducted after the occurrence of men- 
ingitis. In this study, the subjects were children who 
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had recovered from meningitis 2 to 8 years earlier, 
while in others’ studies the subjects were infants who 
were recovering from meningitis. 


In patients with Brucella meningitis, Yaqub et al? 
found that 3 to 6 months after completion of antibi- 
otic therapy, prolonged I-III and I-V intervals nor- 
malized, while reduced amplitudes of wave V or an 
absence of wave V showed no change. We also fol- 
lowed 9 infants who were recovering from purulent 
meningitis. A prolonged I-V interval and a reduced 
amplitude of wave V were found in 4 and 3 cases, 
respectively, with 1 of them having both abnormali- 
ties. With recovery from meningitis, the abnormali- 
ties returned to normal in 3 infants for the prolonged 
I-V interval and in only 1 for the reduced amplitude. 
These observations imply that a prolonged I-V in- 
terval is a frequent finding in the acute phase of the 
disease and is mostly reversible during the course of 
recovery, while a reduced amplitude of wave V is 
more persistent. This may largely explain why an 
amplitude reduction of wave V was the major BAER 
abnormality in our study. This amplitude reduction 
is most likely due to fewer neurons generating and/ 
or fewer fibers conducting the volley in the brain 
stem secondary to ischemic insults to the rostral brain 
stem.!4 


The BAER abnormalities following meningitis 
could be caused by several pathological conditions. 
A strong correlation between BAER abnormalities 
and hydrocephalus, enlarged ventricles, and possi- 
bly nerve palsies has been reported in children re- 
covering from meningitis.! The present study also 
showed that hydrocephalus and enlarged ventricles 
were the major pathological conditions that were as- 
sociated with BAER abnormalities in children who 
survived meningitis. These 2 conditions increase in- 
tracranial pressure, causing ischemic damage to the 
brain stem from alterations in blood flow in the pene- 
trating vessels of the basilar or posterior cerebral ar- 
teries. Mechanical compression of the upper brain 
stem interferes with brain stem circulation.!5 This 
compression ischemia can result in a reduction in 
wave amplitudes and a prolongation of interpeak in- 
tervals in the BAER. For instance, patients with con- 
firmed hydrocephalus, mainly due to a congenital 
anomaly, meningitis, or intracranial hemorrhage, 
often showed abnormal results in BAER testing, in- 
cluding a decreased V/I amplitude ratio, a prolonged 
I-V interval, and abnormal morphology of waves M 
and V.!6 The present study found that signs of ele- 
vated intracranial pressure during hospitalization 
were much more severe in children who had an ab- 
normal BAER than in those who had a normal 
BAER. It appears that the BAER abnormalities, in- 


dicating long-term or permanent damage to the brain 
stem, are at least partially related to ischemic insults 
to the brain stem due to elevated intracranial pres- 
sure during the course of meningitis. Seizures, which 
increase metabolic demands of the brain and result 
in diffuse damage,* decreased hemoglobin level, and 
hypoxic-ischemic brain injury, may also damage the 
brain stem. 


The present study showed that BAER abnormali- 
ties occurred more frequently in the children who 
had meningitis at or before 1 year of age than in those 
who had the disease after 1 year of age. This was in 
good agreement with the findings of neurodevelop- 
mental examinations. It appears that the severity of 
neurologic sequelae following meningitis is related 
to the maturity of the brain. Compared to the rela- 
tively mature brain, the immature brain is more vul- 
nerable to the damage caused by meningitis. 


In this study, 8.2% of the children who survived 
purulent meningitis showed abnormal results in the 
BAER only at higher click rates, indicating a sub- 
optimal outcome of the auditory brain stem that 
cannot be demonstrated by the conventionally used 
slow stimulus rate (10/s). Similar to those who had 
an abnormal BAER at the click rate of 10/s, these 
children also tended to have clinically determined 
neurologic sequelae. These observations provide fur- 
ther evidence that the stimulus “stress test” could 
enhance the detection of neural pathophysiology in 
the brain.?-!0.!2 The finding that there were more 
BAER abnormalities at the repetition rate of 90/s 
than at 50/s suggests that high rates are more sensi- 
tive than moderate rates for detecting suboptimal au- 
ditory function. 


Patients who survive meningitis may have both 
peripheral and central auditory impairments. Periph- 
eral hearing loss may affect the measurements of 
BAER central components, causing amplitude reduc- 
tion, latency prolongation, and, in the case of high- 
frequency loss, a I-V interval shortening. At higher 
presentation rates, these effects tend to become more 
significant, often making it difficult to determine 
whether BAER central components are normal or 
abnormal. In order to avoid these possible influences 
and to analyze the central components reliably and 
accurately, the present study only included data from 
those who did not have any evidence of peripheral 
hearing loss. Consequently, those who might have 
had both peripheral and central auditory sequelae 
were excluded. Due to this limitation, the results of 
this study should be considered characteristic only 
of the sequelae of meningitis for those without pe- 
ripheral hearing loss, and not as generally character- 
istic. 
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In conclusion, the present study showed that about 
| in 5 of survivors of meningitis have BAER abnor- 
malities indicative of mild auditory dysfunction ora 
suboptimal outcome in the pathway. Therefore, cen- 
tral auditory dysfunction is not an uncommon neu- 


rologic sequela. The method of increasing click rate 
can be used to detect suboptimal auditory function 
that may not be shown by the BAER elicited at 10/s 
clicks and thus enhances the diagnosis of auditory 
neuropathology in patients who survive meningitis. 
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CLINICAL PRESENTATION AND MANAGEMENT OF LABYRINTHINE 
FISTULA CAUSED BY CHRONIC OTITIS MEDIA 


NICOLAS Y. BUSABA, MD 
BOSTON, MASSACHUSETTS 


To describe the clinical presentation and surgical management of patients with chronic otitis media complicated by labyrinthine 
fistula and to determine clinical indicators that predict postoperative hearing outcome, I performed a retrospective analysis at an 
academic tertiary care center. Thirty-four patients with labyrinthine fistula as a complication of chronic otitis media, documented at 
mastoidectomy, underwent postoperative audiometry. The median age was 50 years, and the duration of otologic symptoms ranged 
from 2 months to more than 40 years. On presentation, 3 patients had anacusis in the affected ear, while in the others, the pure tone 
average for bone conduction at the 0.5-, 1-, 2-, and 4-kHz frequencies was 34 dB hearing level. Nineteen patients (56%) complained 
of dizziness on presentation. The fistula test was positive in 14 of 28 patients (50%). The fistula was detected radiologically in 10 of 
24 patients (42%). Cholesteatoma was present in 33 of 34 patients (97%). The lateral semicircular canal was the most common site 
of labyrinthine fistula. The cholesteatoma matrix was completely removed in 29 of 33 cases and exteriorized in the remaining 4. Of 
the 31 patients with measurable hearing preoperatively, anacusis occurred in 8 (26%). In 6 of these, the preoperative pure tone 
average for bone conduction was greater than 50 dB hearing level, and cholesteatoma matrix and granulation tissue invading the 
membranous labyrinth were found at surgery. I concluded that in chronic otitis media, labyrinthine fistulas occurred almost exclu- 
sively in the presence of a cholesteatoma. Postoperative hearing outcome correlated with the size of the fistula and the presence of 
granulation tissue invading the labyrinth, which could be predicted by the preoperative audiometry. 


KEY WORDS — cholesteatoma, chronic otitis media, labyrinthine fistula. 


INTRODUCTION 


The diagnosis and management of fistulas of the 
labyrinth with or without a perilymph leak compli- 
cating chronic suppurative otitis media remains con- 
troversial. The incidence of fistulas found during sur- 
gery for chronic otitis media with cholesteatoma has 
been reported to range between 3.6% and 12.6%.!+ 
The lateral semicircular canal (SCC) is the most com- 
mon location of erosion of the labyrinth by cholestea- 
toma matrix.47 The clinical presentation of labyrin- 
thine fistulas is variable, and their management is 
controversial. 


fistula and exteriorization of the disease,}? staging 
the procedure by removing the cholesteatoma ma- 
trix in a planned second-stage surgery,®!3 and remov- 
al of the cholesteatoma and closure of the fistula with 
connective tissue. !4 


The present study is a retrospective review of the 
clinical presentation, preoperative imaging studies, 
surgical technique, and hearing results in 34 patients 
with surgically confirmed labyrinthine fistula. The 
purpose of the study was to identify preoperative in- 
dicators for the presence of a fistula, and preopera- 
tive or intraoperative predictors of hearing outcome. 


The “fistula sign”8? has been shown to be an unre- 
liable indicator of the presence of a labyrinthine fistu- 
la, with a false-negative rate of up to 54%.5 Com- 
puted tomography (CT) has been reported to have 
an 80% sensitivity and a less than 5% false-positive 
rate in detecting labyrinthine fistulas in the presence 
of chronic otitis media,!9.!! making it a more reli- 
able indicator of the presence of fistula than a posi- 


MATERIALS AND METHODS 


A retrospective review of 625 cases of surgery per- 
formed for chronic otomastoiditis at the Massachu- 
setts Eye and Ear Infirmary between 1970 and 1995 
was done, identifying cases with documented fistu- 
la of the otic capsule. A “fistula” was defined as de- 
hiscence of the otic capsule with exposure of the 


tive fistula sign. 


A variety of techniques have been recommended 
for management of labyrinthine fistulas, including 
leaving the cholesteatoma matrix at the site of the 





membranous labyrinth with or without leakage of 
perilymph. Cases with thinning or “blue-lining” of 
the labyrinth were not included. Thirty-four patients 
(5.4%) were found to have a labyrinthine fistula intra- 
operatively. 
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TABLE |. OTOLOGIC SYMPTOMS ON PRESENTATION 


No. % 
Otorrhea 32 94 
Otalgia 3 9 
Subjective hearing loss 25 74 
Tinnitus 6 18 
Vestibular complaints 19 56 


Preoperative clinical data included the sex and age 
of the patients, duration of otologic symptoms relat- 
ed to chronic otitis media, presence of dizziness, fis- 
tula sign, and preoperative hearing status. The fistu- 
la sign was considered positive if there was visible 
conjugate deviation of the eyes induced by alzernat- 
ing pressure applied to the ear canal associated with 
subjective dizziness. The pure tone average for bone 
conduction thresholds (PTA-bone) in decibels hear- 
ing level (HL) for 0.5, 1, 2, and 4 kHz was calculat- 
ed. When bone conduction thresholds exceeded audi- 
ometric limits at any of the above frequencies, a 
threshold of 75 dB HL was assigned for that frequen- 
cy in calculating the PTA-bone. The results of poly- 
tomography and CT were recorded. Operative find- 
ings, including the location and size of labyrinthine 
fistulas, and the surgical management were a so re- 
corded. The postoperative PTA-bone was calculated 
from the last available postoperative audiogram ob- 
tained within 6 months of surgery. 


The correlation of postoperative PTA-bone with 
preoperative PTA-bone, vestibular symptoms, and 
presence or absence of the fistula sign was statisti- 
cally evaluated with a x? test. A p < .05 was consid- 
ered significant. 


RESULTS 

Patient Demographics and Symptoms. A \adyrin- 
thine fistula was found at surgery in 34 of the 625 
cases of chronic otomastoiditis (5.4%). Of the 34 
patients with labyrinthine fistula, 23 were ma e and 
11 were female, with an age range of 16 to 81 years 
and a median age of 50 years. The duration of otolog- 
ic symptoms referable to chronic otitis media (otor- 
rhea, otalgia, tinnitus, dizziness, and/or subjective 
hearing loss) varied from 2 months to more than 40 
years. Fifteen patients (44%) had symptoms for more 
than 10 years. Nineteen (56%) had vestibular symp- 
toms preoperatively, and 2 had persistent vertizo for 
4 days prior to presentation. 


Preoperative Audiometric and Radiographic Re- 
sults and Clinical Signs. The fistula test was posi- 
tive in 14 of 28 patients (50%). The preoperative 
PTA-bone was less than 30 dB HL in 16 of the 34 
patients (47%), between 31 and 50 dB HL in 7 (21%), 
and more than 51 dB HL in 8 (23%). Three patients 





Coronal computed tomography scan, with bone window 
setting. showed soft tissue density filling left middle ear 
and mastoid antrum and labyrinthine fistula of lateral 
semicircular canal (arrow). Fistula was confirmed on 
surgical exploration. 


(9%) had anacusis in the affected ear at presentation 
(Table 1). Polytomography of the temporal bone was 
done preoperatively in 6 patients, and a labyrinthine 
fistula was diagnosed in 3 (50%). Eighteen cases had 
preoperative CT, which correctly identified the pres- 
ence of a labyrinthine fistula in 7 of the 18 patients 
(39%; see Figure). No imaging studies were per- 
formed in 10 cases. 


Intraoperative Findings and Management. Of the 
34 cases with labyrinthine fistulas, cholesteatoma 
was found in the mastoid or middle ear in 33 (97%). 
The location of the fistula was the lateral SCC in 32 
(94%), superior SCC in 1 (3%), posterior SCC in | 
(3%), vestibule in 2 (6%), and promontory in 2 (6%). 
Four ears had more than | fistula (12%): 2 had fistu- 
las in the lateral SCC and promontory, | had fistulas 
in the lateral SCC and vestibule, and | had fistulas 
in the lateral and superior SCCs. 


Canal wall—down mastoidectomy was performed 
in all cases. Normal saline solution was used for irri- 
gation during the surgery. The cholesteatoma was 
completely removed in 29 of the 33 patients found 
to have cholesteatoma during surgery and was exteri- 
orized in 4. Exteriorization was done in | patient 
with an only-hearing ear, in | with measurable hear- 
ing and a fistula of the promontory, in | with 2 fistu- 
las involving the lateral and superior SCCs, and in | 
with a fistula of the lateral SCC in which associated 
granulation tissue was found to invade the membra- 
nous labyrinth. The fistula was sealed with a corti- 
cal bone chip in 8 and with bone wax in 3. A tempo- 
ralis fascia graft was used to cover the site of the 
fistula in all but the 4 patients in whom the cholestea- 
toma matrix was exteriorized. Tympanomastoid oblit- 
eration with an abdominal fat graft was done in 4 
patients: 3 patients with preoperative anacusis and | 
patient in whom a labyrinthectomy was necessary 
to remove the cholesteatoma that involved the vesti- 
bule and lateral SCC. Obliteration of the mastoid 
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TABLE 2. PREOPERATIVE AND POSTOPERATIVE 
PURE TONE AVERAGE FOR BONE CONDUCTION 


Postop PTA 


<30 31-50 >51 
dB HL dBHL dBHL Anacusis 


Preop PTA No. % No. % No. % No. % 














TABLE 3. CORRELATION BETWEEN FISTULA SIGN 
AND PREOPERATIVE HEARING STATUS AND 
POSTOPERATIVE HEARING OUTCOME 


Fistula Sign 











Positive Negative 
No. % No. % 








<30 dB HL (n = 16) 11 69 5 31 
31-50 dB HL (n= 7) 4 57 1 2 
>51 dB HL (n = 8) 2: 25° 36. 775 
Anacusis (n = 3) 3 

Data are number of ears. 


PTA — pure tone average for bone conduction thresholds at 0.5, 1, 
2, and 4 kHz; HL — hearing level. 





bowl was done with bone paté and an inferiorly based 
pedicled fascioperiosteal flap in 26 cases. 


Postoperative Hearing Result. Of the 16 ears with 
a preoperative PTA-bone of less than 30 dB HL, the 
postoperative PTA was in the same range in 11 
(69%). In the remaining 5 ears, the PTA fell to 31 to 
50 dB HL postoperatively, but none had anakusis. 
Of the 8 ears with a preoperative PTA-bone of more 
than 51 dB HL, anacusis occurred postoperatively 
in 6 (75%; Table 2; p < .005). A hearing improve- 
ment of 10 dB or more occurred in 3 patients: 2 with 
a preoperative PTA-bone of less than 30 dB HL, and 
1 with a preoperative PTA-bone of 45 dB HL. In the 
6 ears in which invasion of the membranous laby- 
rinth by cholesteatoma and granulation tissue oc- 
curred, the preoperative PTA-bone was greater than 
51 dB HL and anacusis occurred postoperatively. One 
ear with fistulas involving both the promontory and 
the lateral SCC and in which the cholesteatoma ma- 
trix was exteriorized also had postoperative anacu- 
sis. 


Correlation of Vestibular Signs and Symptoms With 
Postoperative Hearing Results. Postoperative hear- 
ing was significantly worse in ears with a preopera- 
tive positive fistula test compared to those with nega- 
tive tests (p = .007). However, this might be due to 
the fact that ears with positive tests had worse preop- 
erative hearing than those with negative tests (p = 
.02; Table 3). The presence of preoperative vestibu- 
lar symptoms did not correlate with the preopera- 
tive hearing status (p = .325) or postoperative hear- 
ing outcome (p = .066; Table 4). 


DISCUSSION 


The reported incidence of labyrinthine fistulas in 
ears with chronic otitis media as documented intraop- 
eratively varies between 3.6% and 12.6%! and is 
similar to the incidence of 5.4% found in the current 
study. Fistulas occur almost exclusively in the set- 
ting of a cholesteatoma.’ In the current study, a 


Preop PTA 
<30 dB HL 5 36 H 79 
31-50 dB HL 3 21 1 7 
>51 dB HL 4 29 1 7 
Anacusis 2 14 1 7 
Total 14 100 14 100 
Postop PTA 
<30 dB HL 2 14 9 65 
31-50 dB HL 4 29 3 21 
>51 dB HL’ f 2 14 1 7 
Anacusis 6 43: 1 7 
Total 14 100 14 100 


Data are number of ears. 


PTA — pure tone average for bone conduction thresholds at 0.5, 1, 
2, and 4 kHz; HL — hearing level. 





cholesteatoma was found in 33 of the 34 cases (97%). 
The lateral SCC was the most common site involved 
in this study (94%) and in previously reported cases.*7 


A reliable preoperative predictor of a labyrinthine 
fistula would be clinically valuable. High-resolution 
CT has been reported to have a sensitivity of around 
80% and a false-positive rate of less than 5% for 
labyrinthine fistulas. Axial cuts are recommended. 
for study of the lateral SCC, and coronal cuts for 
other sites.!0!! However, in this study, conventional 
temporal bone polytomography identified only 50%, 
and CT scans only 39% of the fistulas documented 


TABLE 4. CORRELATION BETWEEN PREOPERATIVE 
VERTIGO AND PREOPERATIVE AND 
POSTOPERATIVE HEARING 


Preoperative Vertigo 
Present Absent 
No. % No. % 

















Preop PTA 
<30 dB HL 8 40 8 58 
31-50 dB HL 6 30 1 7 
>51 dB HL 5 25 3 21 
Anacusis 1 5 2 14 
Total 20 100 14 = 100 
Postop PTA 
<30 dB HL 4 20 7 50 
31-50 dB HL 7 35 2 14 
>51 dB HL 2 10 1 7 
Anacisis 7 35 4 29 
Total 20 100 14 100 


Data are number of patients. ` 


PTA — pure tone average for bone conduction thresholds at 0.5, 1, 
2, and 4 kHz; HL — hearing level. 
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at surgery. Since the cases reviewed in this series 
occurred over a time span of 25 years, the low sensi- 
tivity of CT scans in detecting fistulas may have been 
due to the poorer resolution of the early-generation 
scanners and may not necessarily reflect the current 
state of the art. 


The fistula sign is unreliable in the preoperative 
diagnosis of labyrinthine fistula, with a fals2-nega- 
live rate in the literature of up to 54%,>*9 similar to 
that of the current study (50%). The reason for the 
false-negative fistula tests is not clear. 


Invasion of the labyrinth by cholesteatoma is re- 
ported to occur without subjective vestibular symp- 
toms in approximately 40% of cases? consistent 
with my study (44%). Preoperative hearing status is 
also not a good predictor of the presence of a fistula. 
In this series, 47% of the ears had a PTA-bone of 
less than 30 dB HL. In the absence of a reliable pre- 
dictor, the presence of a labyrinthine fistula should 
be suspected in ears with chronic otitis media, espe- 
cially if associated with cholesteatoma. 


The surgical technique most likely to result in hear- 
ing preservation in the presence of a fistula remains 
controversial. Some authors advocate leaving the 
cholesteatoma matrix undisturbed and exteriorized 
at the fistula site.!? On the other hand, Sanna et al® 
advocate intact canal wall tympanomastoidectomy 
with a planned second-stage procedure 6 months 
later. The authors describe bony healing of the fistu- 
la at the second look in 60% of the cases and report 
no change in bone conduction in 93% of their pa- 
tients. These authors advocate open procedures with 
exteriorization of the disease in cases of only-hear- 
ing ears, large defects in the posterior wall of the 
external auditory canal, or multiple fistulas. Gacek!4 
advocates complete removal of the cholesteatoma 
matrix and coverage of the fistula site if it is small 
or medium-sized (<2 mm) and exteriorization if the 
fistula is extensive or involves the cochlea. In the 
series by Ostri and Bak-Pedersen,* the matrix was 
removed in all the cases and the fistula was repaired 
with temporalis fascia and a cortical bone chip. The 
authors report that 6% of ears had postoperative an- 
acusis. Pfaltz> removed the matrix in fistulas less 
than 3 mm in diameter and reported anacusis in 2 of 
19 ears. In both ears, extensive labyrinthine inva- 
sion by the cholesteatoma was present. Palva and 
Ramsay’ removed the matrix in all cases, and the 
fistula was covered with fibrin glue and fascia or 
periosteum. Hearing was preserved in all patients in 
whom removal of the matrix was carried out as the 
planned last stage of the operation. Patients in our 
series underwent canal wall—down tympanomastoid- 
ectomy. The cholesteatoma matrix was removed in 


29 of 33 cases and exteriorized in the remaining 4 
patients as described. The fistula site was repaired 
with a cortical bone chip or bone wax, then covered 
with temporalis fascia graft and reinforced by an in- 
feriorly based pedicled fascioperiosteal flap used for 
partial mastoid obliteration. 


The operations in the current study were per- 
formed by multiple otologists over a 25-year period, 
and the results may differ among surgeons. Howev- 
er, for the group, the hearing outcome did correlate 
with the extent of the fistula and the initial hearing 
status. Postoperative anacusis occurred in all 6 ears 
in which the cholesteatoma matrix and granulation 
tissue invaded the membranous labyrinth. Anacusis 
also occurred in the ear with 2 fistulas involving the 
lateral SCC and promontory, despite leaving the 
matrix over the fistula site undisturbed and exterior- 
ized. The preoperative hearing status correlated with 
operative findings and postoperative hearing out- 
come. Six of the 8 cases with a preoperative PTA- 
bone of more than 51 dB HL had postoperative an- 
acusis in the affected ear. (In 5 of 6 the matrix and 
granulation tissue invaded the membranous laby- 
rinth, and there were 2 fistulas in 1 ear.) Ears with a 
preoperative PTA-bone of less than 30 dB HL had 
either no change in bone conduction thresholds 
(69%) or slight worsening (31%), and none had an- 
acusis postoperatively. The high incidence of post- 
operative anacusis in this series (8 of 31 patients with 
preoperative measurable hearing; 26%) as compared 
to the literature, therefore, may be explained by the 
number of ears with advanced disease. Eight had a 
preoperative PTA-bone of >51 dB HL, and 3 more 
patients had anacusis on presentation. On the other 
hand, the practice of routinely attempting to remove 
the cholesteatoma matrix in | stage even in the pres- 
ence of extensive fistula might offer an alternate ex- 
planation as to the high incidence of postoperative 
anacusis. This is supported by the better hearing re- 
sults reported by other authors, who advocate remov- 
ing the cholesteatoma matrix in a planned second- 
stage procedure® or base their decision on the size 
and extent of the fistula. 


Ears with a positive fistula sign tend to have great- 
er preoperative hearing loss and worse hearing out- 
come compared to those with a negative fistula test. 
This may correlate with the degree of labyrinthine 
involvement by the fistula. The presence of preop- 
erative vestibular complaints, however, did not seem 
to correlate with hearing outcome. 


Preoperative hearing loss is reversible in some ears 
with labyrinthine fistula caused by a cholesteatoma, 
especially in those with a PTA-bone of <30 dB HL, 
as seen in 3 ears in our series. This may be due to 
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resolution of a limited inflammatory response in the . 


membranous labyrinth secondary to cholesteatoma. 


CONCLUSION 


The presence of vestibular symptoms, the results 
of the fistula sign, and imaging studies are not reli- 
able for the preoperative diagnosis of a labyrinthine 
fistula. Hearing outcome correlated best with the ex- 
tent of the fistula and the presence of granulation 
tissue invading the labyrinth, which was also pre- 





dicted by the preoperative hearing status. I agree with 
the statement of Sheehy and Brackmann® that an ex- 
tensive fistula of the labyrinth poses a considerable 
risk to the inner ear regardless of the operative pro- 
cedure or method of management of the cholestea- . 
toma matrix. However, it might be advisable to re- 
move the cholesteatoma matrix in a planned second- 
stage procedure or exteriorize it with minimal ma- 
nipulation in ears with 1 or more extensive and large 
fistulas. 
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ANTIBIOTICS IN CHRONIC SUPPURATIVE OTITIS MEDIA: 
A BACTERIOLOGIC STUDY 
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Conservative medical management of chronic suppurative otitis media (CSOM) is an important step in achieving a dry ear. 
Topical antibiotic ear drops and aural toilet form the mainstay of medical management of noncholesteatomatous CSOM. This study 
analyzes the causal organisms and their sensitivity to various antibiotics. Out of 382 swabs examined, the major organisms isolated 
were Pseudomonas aeruginosa (27.2%), followed by Staphylococcus aureus (23.6%). The sensitivity of P aeruginosa was 100% to 
ceftazidime, 98.9% to ciprofloxacin, 96.3% to gentamicin, and 95.4% to polymyxin B, whereas the sensitivity of $ aureus was 
98.6% to ciprofloxacin, 97.4% to cloxacillin sodium, 96.5% to cotrimoxazole, and 90.7% to gentamicin. Pseudomonas aeruginosa 
was almost completely resistant to ampicillin (97.6%) and chloramphenicol (96.6%), whereas $ aureus was almost completely 
resistant to ampicillin (73.8%) and polymyxin B (98.3%). Among the available topical antibiotic preparations for use in the ear, we 


found that ciprofloxacin and gentamicin are the best choices. 


KEY WORDS — antibiotics. bacteriology, chronic otitis media, ear drops, suppurative otitis media. 


INTRODUCTION 


Chronic suppurative otitis media (CSOM), a per- 
sistent and insidious disease, results from an interac- 
tion between local infection and the basic disease. It 
is still a significant health problem, especially in de- 
veloping countries. Topical antibiotics and aura. toilet 
are the mainstays of medical management of CSOM, 
which is essential in attaining a dry ear. Information 
regarding the common pathogens and their ancibiot- 


ic sensitivities is essential for the proper choice of 


antibiotic ear drops. Information on the existing of- 
fending pathogens and their sensitivity patterns 
would also be invaluable in documenting changes 
in the “antibiogram” over time. We believe our data 
will contribute toward this end. 


MATERIALS AND METHODS 


All bacteriologic reports of middle ear swabs from 
patients clinically judged to have noncholesteato- 
matous CSOM over a period of 2 years (January 1994 
to December 1995) were analyzed for causal organ- 
isms and antibiotic sensitivity patterns. The criteria 
for diagnosis of CSOM were 1) those patients with- 
out an intact tympanic membrane for more than 3 
months and presenting with a history of ear discharge 
or 2) patients giving a history of 3 months or more 


of ear discharge and found to have a perforation of 


the tympanic membrane. Patients with cholesteatoma 
as revealed by otoscopic examination, patients with 





immune deficiency, and children with cleft palate 
were excluded. All specimens were collected with 
conventional sterile swabs and cultured for aerobic 
and anaerobic organisms according to standard pro- 
cedures.' Antibiotic sensitivity was performed with 
the disc diffusion method? against 9 antibiotics com- 
monly used in our hospital: ampicillin, ceftazidime, 
chloramphenicol, cloxacillin, cotrimoxazole, eryth- 
romycin, gentamicin, polymyxin B, and ciprofloxa- 
cin. The most common offending pathogens and their 
“antibiograms” were analyzed. 


Microbiology. The middle ear swabs, transported 
in Stuart's transport medium, were inoculated imme- 
diately onto blood agar, chocolate agar, and Mac- 
Conkey’s agar. The plates were incubated aerobically 
at 37°C with a 5% carbon dioxide enrichment for 
the chocolate agar plates and examined at 24 and 48 
hours. Anaerobic incubation was done with the Gas 
Pak system (Oxoid, United Kingdom), Culture plates 
were examined at 48-hour intervals. The organisms 
were identified by the Analytical Profile Index bac- 
terial identification system (Biomerieux, France). 


Antibiotic sensitivity was performed by the Kirby- 
Bauer disc diffusion method using commercially pro- 
duced impregnated antimicrobial discs. Control sen- 
sitivity of known organisms was performed every 
week (Escherichia coli 25922 American Type Cul- 
ture Collection [ATCC], Staphylococcus aureus 
25923 ATCC, and Pseudomonas aeruginosa 27853 
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Fig 1. Age groups of patients with chronic suppurative 
otitis media. 


ATCC). The zone sizes for various antibiotics were 
compared to standard zone sizes determined by the 
US Food and Drug Administration—National Com- 
mittee for Clinical Laboratory Standards. 


RESULTS 


Out of a total of 382 middle ear samples from 38 1 
patients (1 patient had bilateral active CSOM), bac- 
teriologic isolation was possible from 370 (96.86% ) 
samples. The patients were 6 months to 78 years old, 
with the majority being less than 20 years old (69.3%; 
SD 17.5; Fig 1). Single organisms were isolated from 
253 samples, and multiple organisms from 117 sam- 
ples. The organisms were 55.4% gram-negative and 
44.6% gram-positive. Anaerobes formed an insignif- 
icant percentage (see Table). 


Among the 500 isolates, P aeruginosa was the most 
common (27.2%), followed by S aureus (23.6%), 
Staphylococcus epidermidis (8.8%), Proteus sp 
(7.4%), B-hemolytic Streptococcus (7%), Haemo- 
philus influenzae (6.4%), Enterobacter (3.6%), Kleb- 
siella (3.2%), and others (12.8%). The antibiogram 
for P aeruginosa showed that sensitivity was high- 
est for ceftazidime (100%), gentamicin (96.3%), 
polymyxin B (95.4%), and ciprofloxacin (98.9%; Fig 
2A). Resistance was high for ampicillin (97.6%) 
and chloramphenicol (96.6%). Staphylococcus au- 
reus was found to be sensitive to chloramphenicol 
(85.7%), cloxacillin (97.4%), cotrimoxazole (96.5%), 
erythromycin (89.5%), gentamicin (90.7%), and 
ciprofloxacin (98.6%), whereas it was highly resis- 
tant to ampicillin (73.8%) and polymyxin B (98.3%: 
Fig 2A). Antibiograms for S epidermidis, B-hemo- 
lytic Streptococcus, H influenzae, Proteus sp, Kleb- 
siella sp, Enterobacter sp, and Pseudomonas sp, are 
shown in Fig 2B-D. Ciprofloxacin and gentamicin 
were also found to be effective against these orga- 
nisms. 


DISCUSSION 


Most often, CSOM is the result of unresolved 
acute otitis media (AOM) and/or eustachian tube dys- 


BACTERIAL ISOLATES FROM 382 EARS WITH 
CHRONIC SUPPURATIVE OTITIS MEDIA 


No. of 


Isolates 





Organisms 


Aerobic organisms 
Gram-positive bacteria 


Staphylococcus aureus 118 
Staphylococcus epidermidis 44 
Group A, B-hemolytic streptococci 35 
Streptococcus pneumoniae 8 
Diphtheroids g 


Streptococcus viridans 3 
Mixed growth of gram-positive organisms 2 
Streptococcus milleri | 
Staphylococcus saprophyticus | 
Enterococcus l 
Gram-negative bacteria 
Pseudomonas aeruginosa 13 
Proteus species 37 
Haemophilus influenzae 3 
Enterobacter species 18 
Klebsiella species 16 
Pseudomonas species 13 
Acinetobacter species 1] 
Mixed growth of gram-negative organisms 6 
Escherichia coli 3 
Providentia species 2 
Serratia marcescens 2 
Anaerobic organisms 
Gram-positive bacteria 
Anaerobic streptococci | 
Clostridium species | 
Gram-negative bacteria l 





function.* The bacterial pathogens of CSOM and 
AOM vary widely. The most common organisms as- 
sociated with CSOM are P aeruginosa and § aureus, 
whereas those associated with AOM are Streptococ- 
cus pneumoniae, H influenzae, and Moraxella cat- 
arrhalis. In this study, those patients without an in- 
tact tympanic membrane for more than 3 months and 
presenting with a history of ear discharge were con- 
sidered to have CSOM, on the basis of previous stan- 
dard classifications of CSOM.** It is important to 
distinguish between cholesteatomatous and noncho- 
lesteatomatous CSOM. 


Criticisms have been aimed at the methods of col- 
lection of middle ear specimens. Recent studies advo- 
cate the use of an 18- or 24-gauge needle covered by 
a plastic cannula and a disposable syringe for aspira- 
tion of the middle ear specimen.®° The disadvan- 
tages associated with this method!" are |) possible 
injury to the middle ear from the sharp and hard nee- 
dle tip; 2) the beveled edge of the needle not being 
immersed in the middle ear discharge, as the space 
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Fig 2. Diagram comparing “antibiograms” of organisms in chronic suppurative otitis media. Cefta — ceftazidime, Cipro 


ciprofloxacin, Genta — gentamicin, Poly 
cillin, Cotri — cotrimoxazole, E mycin 


polymyxin B, Amp 
erythronycin. Figure on bar of diagram shows percentage of isolated organisms 


ampicillin, Chlor — chloramphenicol, Clox — cloxa- 


tested for that particular antibiotic. A) Pseudomonas aeruginosa (n = 136) and Staphylococcus aureus (n = 118). B) B- 
Hemolytic Streptococcus (n = 35) and Staphylococcus epidermidis (n = 44). C) Haemophilus influenzae (n = 32) and Proteus 
sp (n = 37). D) Klebsiella sp (n = 16), Enterobacte~> sp (n = 18), and Pseudomonas sp (n = 13). 


in the mesotympanum is only 2 mm or less in depth, 
even in adults: 3) the middle ear discharge beina inad- 
equate to be aspirated into a syringe: and 4) air be- 
ing aspirated into the needle, inhibiting the survival 
of anaerobes during the transportation and plating 
of the specimen for culture. Hence, we chose the con- 
ventional sterile swab for collection of middle ear 
specimens. Injury to the middle ear may be okviated 
to a certain extent by using a plastic cannula for as- 
piration, but the other disadvantages still remain. 
Further, it would be difficult to aspirate middle ear 
discharge, since a plastic cannula cannot be bent on 
the syringe, making it unsuitable for use under a 
microscope. A straight syringe and needle obstruct 
the view during aspiration under a microscope. The 
conventional orange stick swab also has the disad- 
vantages of obstructing the view under a microscope, 
not obtaining an adequate sample due to the rarrow 
external ear canal, especially in children, and yield- 


ing a poor anaerobe isolate due to air entrapment 
within the fibers of the cotton swab tip. Use of a 
prereduced 28-gauge Nichrome wire swab for collec- 
tion of middle ear specimens for bacteriology in 
CSOM, reported by us previously, would eliminate 
these problems. !° 


This study agrees with previous reports that 
CSOM is predominantly a pseudomonal and/or 
staphylococcal disease. There seems to have been 
no remarkable change in the causal microbial flora 
for this disease in any part of the world. Our isola- 
tion rate of Pseudomonas is slightly lower (27.2%) 
than those in other reports. This difference may be 
partly due to the exclusion of cholesteatomatous 
cases from our study. Besides, inclusion of cases with 
perforation of more than 3 months (warranting the 
diagnosis of CSOM), but in which the ear discharge 
was acute, could also have contributed to a lower 
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pseudomonal isolation. Pseudomonas occurs mostly 
in cases of long-standing ear discharge. The inclu- 
sion of cases with a long-standing dry central perfo- 
ration without infection under CSOM** needs re- 
view, since an acute onset of infection in such cases 
may have a different behavior than an unresolving 
discharging ear. Patients’ recollection of the dura- 
tion of ear discharge in active CSOM is also very 
unreliable, and we found the mean duration to be 
103.3 weeks (SD 113.91) in a prospective study (un- 
published data). 


The role of anaerobes in CSOM, highlighted by 
others, !!,12 was not confirmed in our study. This may 
be a true geographic variation, or it may be attribut- 
ed to the inclusion of noncholesteatomatous cases 
in our study. It should be stressed that cholesteato- 
matous cases are less common than noncholeste- 
atomatous cases, probably due to improved health 
awareness and early surgical intervention for CSOM. 
Hence, antianaerobic therapy for CSOM’ cannot be 
routinely employed for all cases of uncomplicated 
CSOM. 


In uncomplicated cases, medical treatment of 
CSOM consists of topical antibiotic drops and aural 
toilet. There are only scant reports addressing the 
role of antibiotics that are topically effective in this 
disease. While P aeruginosa, the most common path- 
ogen, is sensitive to ceftazidime, ciprofloxacin, gen- 
tamicin, and polymyxin B, and S aureus, the second 
most common pathogen, is sensitive to ciprofloxacin, 
gentamicin, chloramphenicol, cloxacillin, cotrimoxa- 
` zole, and erythromycin, only ciprofloxacin, gentami- 
cin, chloramphenicol, and polymyxin B are commer- 
cially available as topical preparations for use in the 
ear. Pseudomonas aeruginosa was almost completely 
resistant to ampicillin and chloramphenicol, whereas 
S aureus was highly resistant to ampicillin and poly- 
myxin B. The majority of the remaining organisms 
were also highly sensitive to ciprofloxacin, gentami- 
cin, and chloramphenicol (Fig 2B-D). However, 
chloramphenicol sensitivity is only 3.28% for P aeru- 
ginosa, the main pathogen. Hence, of the commonly 
available ear drops, chloramphenicol and polymyxin 
B are not effective in CSOM, leaving only ciproflox- 
acin and gentamicin for routine use. The high in vitro 
activity of the fluorinated quinolones against patho- 
gens in CSOM has also been previously reported, !3 
and since these quinolones are devoid of ototoxic- 
ity, they appear to be the best drugs for ototopical 
use. Dohar et al!*reported that neomycin, when test- 
ed against polymyxin B, colistin, and norfloxacin, 
was found to be ineffective for use in CSOM. The 
same authors!5 have reported susceptibilities of 79% 
and 94%, respectively, for gentamicin and tobramy- 


cin, the 2 aminoglycosides available as topical prepa- 
rations. The choice of empirical selection of ototop- 
ical agents can be based on such studies and may be 
influenced by the geographic distribution of organ- 
isms and their sensitivity. Among the aminoglyco- 
sides, only gentamicin is available for topical use in 
Malaysia, and prescription is restricted to consul- 
tants.16 This may be another reason for the increased 
efficacy of gentamicin, a drug used with restriction 
(category A) even topically, resulting in reduced in- 
cidence of resistance. Our study suggests that cipro- 
floxacin, gentamicin, and ceftazidime are the best 
choices in cases in which active infection demands 
the use of a systemic antibiotic. Of the oral agents, 
the combination sulfamethoxazole-trimethoprim has 
been reported to be the most effective (46%) by Do- 
har et al.!5 As this drug is a nonpseudomonal anti- 
biotic, we did not test its in vitro effectiveness against 
Pseudomonas. However, it was found to be highly 
effective against almost all other CSOM-associated 
microbes. If available, ciprofloxacin appears to be 
the drug of choice for oral administration. 


In developing countries in which ciprofloxacin is 
not available as a topical preparation, gentamicin 
appears to be the alternative for routine use. We reaf- 
firm our suggestion of efficacy of topical gentami- 
cin in the treatment of CSOM without complica- 
tions,!7 in agreement with other authors. !8 In a pro- 
spective randomized study!’ on the efficacy of a topi- 
cal antibiotic versus an antibiotic-steroid combina- 
tion in the management of CSOM, we found that 3- 
week treatments with gentamicin sulfate ear drops 
and gentamicin sulfate—betamethasone sodium phos- 
phate combination ear drops produced clinical im- 
provements (middle ear becoming dry) of 88.9% and 
85.7%, and bacteriologic improvements (absence of 
microbial isolation from middle ear 1 week after 
stopping the topical antibiotic) of 69.4% and 60%, 
respectively. 


Since ototoxicity has been demonstrated in labora- 
tory animals after topical application of gentamicin 
and neomycin to the round window membrane and 
middle ear, it is usual to consider this danger when 
prescribing these drugs in patients with perforated 
tympanic membranes or tympanostomy tubes. How- 
ever, in general, ototoxicity does not commonly oc- 
cur in human subjects.!%2° It must also be remem- 
bered that the ototoxicity of gentamicin in human 
subjects is mostly discussed with its systemic use. 
In animal models in which the ototoxicity of topical 
gentamicin has been studied, the middle ears were 
normal; hence, extrapolations from such studies to 
humans with CSOM were unsuitable.!® Besides this 
evidence from clinical studies, the permeability of 
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the round window membrane, through which the oto- 
toxic particles are believed to enter the inner ear when 
gentamicin is used topically, has also been ques- 
tioned. Aminoglycosides are highly polar, poly-cat- 
ion compounds of high molecular size. Thus, they 
cannot cross any epithelial membrane (including the 
round window membrane) unless there are gaps be- 
tween the cells, as occurs in acute inflammation.?!.?2 
Most often, CSOM is so chronic and insidicus that 
the decrease in permeability of the round window 
membrane prevents penetration of harmful suòstanc- 
es.?>? Structural studies in rats have shown that the 
round window membrane in purulent otitis media 
becomes 6 times as thick as that in controls.-5 


The recent experience in the treatment o7 Men- 


iere’s disease, in which the ototoxicity of intratym- 
panic gentamicin is exploited for therapeutic purpos- 
es, should also be interpreted, keeping in mind that 
the middle ear in such cases is normal.?6-27 On the 
basis of these reports, we feel that the arguments for 
limitation of the use of topical gentamicin on the 
grounds of ototoxicity are mostly theoretical. 


We conclude that P aeruginosa and § aureus con- 
tinue to be the major offending pathogens in CSOM. 
Anaerobes appear to be insignificant in the causation 
of CSOM. In uncomplicated CSOM, ciprofloxacin 
is the best choice of ear drop for local treatment, 
followed by gentamicin. Over a 2-year period, there 
was no increase in antibiotic resistance among the 
major pathogens. 
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TWENTY-FOUR—HOUR OSCILLATIONS OF FACIAL 
ELECTRONEUROGRAPHY PARAMETERS AND THEIR RELATIONSHIP 
TO BODY TEMPERATURE 


ADRIAN PAZ, MD 
PETAH-TIKVA, ISRAEL 


YEHUDA KRONENBERG, MD 
TEL-HASHOMER, ISRAEL 


ISRAEL ASHKENAZI, PHD 
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The purpose of the present study was to assess tae temporal variation of the facial electroneurography (ENoG) parameters 
recorded from the nasolabial crease and to compare it to the temporal oscillations of oral and facial cutaneous temperatures. Twelve 
healthy individuals were examined at 4-hour intervals for 2 consecutive days. Twenty-four-hour rhythms of oral and facial cutane- 
ous temperatures were found in all subjects (troughs on average at 4:20 and 4:00 AM, respectively). Significant 24-hour oscillations 
of ENoG amplitude were found in all subjects, which were positively correlated to the oscillations of oral and facial cutaneous 
temperatures (trough on average at 2:40 AM). The compound action potential (CAP) latency fluctuated during the day and was 
negatively correlated with local temperatures. However, these fluctuations and correlations did not reach statistical significance. We 
also found a significant reduction of ENoG amplitude in 5 patients with artificial cooling of the face near the facial nerve. Also, there 
was a small increase in CAP latency with facial cooling. Interpreting ENoG recordings in accordance with oral temperature and 


recording time of day reduce the intertest variation. 


KEY WORDS — amplitude, facial electroneurography, latency, temperature. temporal oscillations. 


INTRODUCTION 


Facial electroneurography (ENoG) represents the 
electrophysiological measurement of compound ac- 
tion potential (CAP), as elicited by the supramaximal 
stimulation of the facial nerve. It is regarded as a 
valuable method for quantitative assessment of fa- 
cial nerve function. 


When performed within 10 to 21 days after onset 
of facial nerve paralysis, ENoG is one of the most 
valuable tests for the prognostic evaluation of Ram- 
say Hunt syndrome! and Bell’s palsy.2> When ENoG 
is performed | week after the appearance of € com- 
plete facial paralysis resulting from tempora. bone 
fractures, iatrogenic trauma, or surgical removal of 
acoustic neuromas,) it is a good predictor of the fi- 
nal facial outcome. It was also found to be helpful in 
the preoperative identification of subclinical degen- 
eration of the facial nerve associated with acoustic 
neuromas?® and for intraoperative facial nerve moni- 
toring in acoustic neuroma surgery.’ 


The large intertest variability of ENoG2* may di- 
minish its utility. This variability may result from 
temporal fluctuations, which may be associated with 
other physiologic rhythms such as that of tempera- 
ture. Rhythmic oscillations have been defined for 
many physiological parameters, for example, blood 


pressure, body temperature, plasma concentration of 
many hormones, and urinary secretion of different 
electrolytes.’ 


Twenty-four—hour variations of the latency of brain 
stem responses!” and of synapse excitability of the 
central nervous system!! have already been report- 
ed. However, to our knowledge the 24-hour oscil- 
lations of the facial evoked responses have never 
been investigated. It was also shown that an increase 
in body temperature has a stimulatory effect on neu- 
ronal conduction!? and increases the amplitude of 
brain stem auditory evoked responses.!* 


We presumed that by correlating the results of CAP 
measurement to recordings of the time of day and 
oral or facial cutaneous temperature, the error due 
to intertest variance might be reduced and a better 
standardization of the ENoG would be obtained. The 
present study was designed to measure the temporal 
pattern of the facial CAP recorded by serial ENoG 
in 12 healthy individuals, and to compare it to natu- 
ral and artificial variations of local temperature. 


MATERIALS AND METHODS 


Twelve healthy young subjects, 8 men and 4 wo- 
men, with ages ranging from 17 to 42 years (mean 
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29 years) were examined. Each participant received 
an initial thorough physical examination, including 
an otolaryngological evaluation. The individuals 
were exposed to the same environment and the same 
sleep-wake cycle (alert between 8:00 AM and 10:00 
PM and asleep between 10:00 PM and 8:00 AM). The 
subjects were examined during the same time peri- 
od. External influences were minimized by having 
the subjects spend most of their waking hours in a 
quiet environment. 


All examinations were performed by the same per- 
son at 4-hour intervals for 2 consecutive days. At 
each session, the examination order of the subjects 
was random. Informed consent was obtained from 
each subject after the nature of the procedures had 
been fully explained to him or her. 


Temperature Recording. Oral temperature was re- - 


corded from each oral vestibule with a temperature 
probe. The skin temperature was recorded with a cu- 
taneous probe placed on the cheek near the stylomas- 
toid foramen. Cooling of the cheek was performed 
in 5 patients at approximately 4:00 PM in order to 
assess the influence of temperature variation on 
ENoG parameters. The cooling was performed with 
a water-filled plastic bag at 4°C pressed against the 
face for 1 minute. The ENoG and oral and facial cu- 
taneous temperature were recorded before and im- 
mediately after cooling. The temperatures were mea- 
sured to within 0.1°C and were recorded before and 
after recording of the CAP waves. The correlations 
are based on the average temperature reading for each 
session. 


Stimulation. The facial nerve was stimulated with 
a surface electrode, with the anode just outside the 
stylomastoid foramen and the cathode in front of the 
earlobe. The skin resistance was reduced by main- 
taining sufficient pressure on the electrodes and by 
using a lubricant gel. Stimulus pulses with a dura- 
tion of 0.2 millisecond and a maximal intensity of 
30 mA were delivered at a manually chosen frequen- 
cy, at least 15 times consecutively. The stimulating 
electrode was manipulated to achieve the maximal 
CAP amplitude, and the optimal position was marked 
and used in all subsequent studies. Routinely, the 
stimulus intensity was increased until supramaximal 
stimulation was achieved (25% above that produc- 
ing maximal CAP). However, with the occurrence 
of pain or trigeminal stimulus artifact, the voltage 
was reduced to avoid these untoward effects. 


Positioning of Recording Electrodes. For record- 
ing, self-adhesive silver electrodes 5 mm in diamet- 
er were used. The skin resistance was reduced by 
rubbing with an abrasive solution, and thereafter, the 


electrodes were attached. The glabella was chosen 
as the site of the reference electrode. 


The nasolabial crease was the most convenient po- 
sition for placing the recording electrode, yielding 
action potentials marked by a smooth biphasic wave, 
invariant with minor changes of the electrode posi- 
tion. The optimal position was chosen and marked 
for further use on the following trials. The interelec- 
trode impedance was checked before each trial and 
kept below 5 kilo-ohms. 


Compound Action Potential Recording. The pa- 
tient was seated comfortably in a reclining chair. Re- 
cording was performed with a Nicolet electroneuro- 
graph, implemented with a digital Butterworth fil- 
ter. First, the left side was investigated, then the right. 
The 6 optimal CAP waves were recorded on each 
side. 


Parameters Computed. The latency was measured 
between the stimulation artifact and the beginning 
of the first deflection of the response, at the stan- 
dard gain (1 mV/cm), and therefore only the conduc- 
tion time of the fastest axons was measured. The 
peak-to-peak amplitude, measuring the height of the 
positive deflection peak relative to the peak of the 
negative one, was next computed. The CAP ampli- 
tude’s side-to-side difference was calculated. This 
was expressed as the percentual difference relative 
to the higher value. 


Statistical Methods. The values of ENoG parame- 
ters and of oral and facial cutaneous temperature were 
analyzed by the multiple regression method, using 
the cosine (cos[t x T x 2/24]) and sine (sin[t x n x 2/ 
24]) transformations of the time of day (t), as inde- 
pendent variables. Also, the correlations between the 
ENOoG parameters and oral and facial cutaneous tem- 
peratures were computed. In addition, the recorded 
data of each of the ENoG parameters were analyzed 
by ANOVA. The analysis was carried out with the 
Statistix II programs. on an IBM-PC computer. 


RESULTS 


Twenty-four—hour rhythms of oral and facial cuta- 
neous temperatures were found in all patients, and 
their troughs occurred during the night (average 4:20 
AM and 4:00 AM, respectively). No significant differ- 
ences were found between the computed 24-hour 
rhythms of ENoG parameters recorded from the left 
and right sides (p = .45). Consequently, the parame- 
ters recorded from the 2 sides were pooled. Signifi- 
cant 24-hour oscillations of the CAP amplitude were 
found in all individuals (Table 1 and Fig 1). Most of 
the individually computed rhythm troughs fell dur- 
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TABLE 1. RHYTHM PARAMETERS OF CAP AMPLITUDE AND CORRELATIONS TO ORAL TEMPERATURE 





Mean CAP 
Amplitude Oscillation of Amplitude 
Subject (mV) (mV; mean + SE) 
l 1.99 0.30 + 0.03 
2 1.21 0.20 + 0.03 
3 0.93 0.11 +0.01 
4 2.97 0.44 + 0.03 
5 1.59 0.23 + 0.03 
6 3.73 0.50 + 0.04 
7 1.15 0.17 + 0.02 
8 0.49 0.08 + 0.01 
9 2.04 0.31 + 0.02 
10 1.86 0.33 + 0.04 
11 1.63 0.27 + 0.04 
12 1.71 0.32 0.04 


Hour values are on 24-hour basis. 
CAP — compound action potential. 
“For all, p < 001. 


ing the night, and their values approximated 2:40 
AM (Table | and Fig 2). A statistically significant 
positive correlation between CAP amplitude and oral 
and facial cutaneous temperatures was found (over- 
all r= +.76 and r = +.82, respectively p < .001; Fig 
3). Only 3 of the 12 individuals exhibited signifi- 
cant circadian oscillations of the latency. Overall, 
there was no statistically significant CAP latency rhy- 
thm (p = .07; Fig 2), although there was a negative 
correlation between CAP latency and oral (r =—.61, 
p = .08) and facial cutaneous temperatures (r =—.63, 
p = .07; Table 2). However, the accurate calculation 
of latency was hindered by the smoothness of the 
upward deflection of some CAP waves, In these cas- 
es, the beginning of the wave could not be deter- 
mined accurately. In order to test the effect of local 
temperature variations on ENoG parameters, we 
cooled the faces of 5 patients with a plastic bag filled 
with cold water (4°C) and performed ENoG before 


24h 


. 18h 6h 


12h 


Fig 1. Timing of compound action potential (CAP) am- 
plitude rhythm troughs in 12 healthy subjects. 





Correlation 
With Oral 
Temperature (r)* 


Trough of Oscillation 
(hour value; mean + SE) 
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0647 + 0032 90 
0005 + 0056 72 
2343 + 0146 87 
1523 +0031 78 
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0623 + 0047 80 
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and after cooling. The CAP amplitude was reduced 
on average by 26.8%, and CAP latency increased on 
average by 9% (Fig 4). On average, the facial cutane- 
ous temperature dropped from 31.8°C to 21.7°C, and 
the oral temperature dropped from 36.2°C to 34.3°C 
(Fig 4). There was a +.79 and +.85 correlation be- 
tween CAP amplitude and oral and facial cutaneous 
temperatures, respectively (p < .001), There was a 
negative correlation between CAP latency and oral 
(r =—.53, p =.1) and facial cutaneous temperatures 
(r =—.58, p = .08). 


A mean side-to-side CAP amplitude variation of 
7% was found. There was no significant variation of 
this parameter during the day (p = .36), and there 
was no correlation between it and the fluctuations 
of oral (r = .13, p = .48) or facial cutaneous temper- 
ature (r = .17, p = .42). The test-retest variability 
was 28%. However, the mean test-retest variability 
between CAP amplitudes recorded at the same time 
of day was only 8.3%. The variation was reduced to 
4.5% and 3.8% when the results were adjusted also 
for oral or facial cutaneous temperature fluctuations. 
The individual amplitude mean ranged between 3.93 
and 0.51 mV (average 2.09 mV). The individual la- 
tency mean ranged between 3.01 and 4.17 millisec- 
onds (average 3.35 milliseconds). 


DISCUSSION 


The aim of the present work was to reduce the 
error due to test-retest variance of the CAPs recorded 
by ENoG. We determined the 24-hour oscillations 
of its parameters and adjusted the results by the value 
of the local temperature. 


Significant circadian oscillations of the CAP am- 
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Fig 2. Twenty-four-hour oscillations of CAP amplitude and latency. Depicted are mean, range, and fitted regressions of CAP 
amplitude and latency recordings in 12 healthy subjects at various times of day (daily hour). Examinees were subjected to 
same environment and same sleep-wake cycle. A) Subjects 1-3. B) Subjects 4-6. C) Subjects 7-9. D) Subjects 10-12 


450 Paz et al, Oscillations of Electroneurography 
~ — — Fitted regression ‘Fitted regression 
© 5th subject o 6th subject 
® - -Facial cutaneous temperature —*— Oral temperature 
= œ - Facial cutaneous 
300 Ora tome xd 38 temperature 
260 36 
© 5.00 
S 240 s 
a f 35 9 E pz 35 p 
$ 220 " Price. i 4 een pe ay 
= 34 -7 
È 200 : $ i ut 34 
a 33 Ẹ & 400 oe + < 
$ 120 E ee È S ~`~Ẹ---- 4 as = 
-247 n 32 ri el 
160 Go" `~- N a 
ot 3.50 , ao al? ais 
140 4-- 31 taag 
1.20 30 3.00 31 
0.00 400 8.00 12.00 16.00 20:00 0:00 400 8:00 12.00 1600 20:00 
Daily hour Daily hour 


Fig 3. Mean, range, and fitted regressions of CAP amplitude and local temperature of A) subject 5 and B) subject 6 are 
depicted as function of time of day. CAP and temperature values are shown together on same graph to illustrate positive 
correlation between these parameters. These 2 sub ects were chosen randomly to illustrate this correlation, which was found 


in all subjects. 


plitude, describing a trough on average at 2:40 AM, 
were delineated in all subjects (Table | and Fig 1). 
In 11 of the 12 subjects, the rhythm trough fell dur- 
ing the night, between midnight and 8:00 Am (Fig 
2). The fitted regressions and the temporal rhythm 
of oral or facial cutaneous temperature explained a 
large percentage of the variance (68%, 42%, and 
49%, respectively). We also tested in 5 subjects the 
effect of an artificial reduction of local temperature 
near the facial nerve on ENoG parameters. With cool- 
ing, there was a significant reduction of CAP ampli- 
tude (29%). In these cases, CAP amplitude positively 
correlated with local temperature (r = .68 and r = .74 
for oral temperature and for facial cutaneous tem- 


perature, respectively). The latency’s rhythm proved 
to be inconsistent. The negative correlation between 
CAP latency and temperature did not reach statisti- 
cal significance. We speculate that this loose corre- 
lation results from a significant error in determining 
the beginning of the upward deflection of the CAP 
wave and in calculating the latency, due to smooth- 
ness of some of the CAP waves. It seems that the 
reported variable accuracy of ENoG might be ex- 
plained by variations in daily time of recording and 
local temperature fluctuations. The low test-retest 
variability of CAP amplitudes measured at the same 
time of day and adjusted for local temperature may 
justify this assertion, 


TABLE 2. RHYTHM PARAMETERS OF CAP LATENCY AND CORRELATIONS TO ORAL TEMPERATURE 

















Mean CAP 





Latency Oscillation of Latency 
Subject (ms) (ms; mean + SE) 
| 3.72 0.51 + 0.12 
2 3.28 0.63 + 0.15 
3 2.97 0.48 + 0.12 
+ 3.10 0.60 + 0.08 
5 4.37 0.75 + 0.25 
6 3.82 0.66 + 0.07 
7 4.97 0.83 + 0.16 
R 3.21 0.60 + 0.08 
9 3.42 0.62 + 0.15 
10 4.72 0.86 + 0.12 
Il 3.05 0.53 + 0.08 
12 3,28 0.58 + 0.05 


Hour values are on 24-hour basis. 
CAP — compound action potential, 
*p< 001. 
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CAP amplitude and latency before and after local cooling 
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Fig 4. CAP amplitude and latency changes with artificial cooling of face in 5 subjects. Mean and range of CAP amplitude, 
latency, and oral and facial cutaneous temperatures are shown before and after cooling. 


It was shown that reductions in body temperature 
slow neural transmission time!” and reduce the am- 
plitude of summation potentials. !? Therefore, besides 
the influence of local temperature, body tempera- 
ture oscillations may indirectly influence CAP ampli- 
tude through a systemic effect on neural excitabil- 
ity. 


The inconsistency of the test-retest results of 
ENoG reduces its reliability. In our study, the posi- 
tions of the stimulating and recording electrodes were 
marked and were kept constant during the experi- 
ment. The intertest variations due to stimulus and 
recording techniques are random regarding the time 
of day and could not account for the definite tempo- 
ral rhythm we encountered. The large number of CAP 
recordings in each patient resulted in a random varia- 
tion, which was an order of magnitude smaller than 
that due to temporal rhythm and temperature oscilla- 
tions. Adour et al!4 found a test-retest difference of 
16% in a group of 33 adults. Raslan et alë and Kartush 
et al! reported intertest errors of 20.7% and 19.5%, 
respectively. However, Gavilan et al!6 reported a test- 
retest variability of only 3.15%, and Silverstein et 
al!7 reported an average day-to-day variation of 3%. 


Coker,'® by using a generalizability analysis, 
found that the largest source of error stems from the 


inconstancy of results from one test period to an- 
other. He concluded that this observation supports 
the use of averaged ENoG results of repeated tests 
at the same point in time. 


Silverstein et al!” reported a mean side-to-side 
CAP amplitude variation of 5.4%, using a standard- 
ized recording lead placement on the nose. With a 
technique of “optimized recording lead placement” 
in the nasolabial fold, Thomander and Stalberg!’ 
found an amplitude asymmetry of 5.7%. Gavilan et 
al'® found no significant differences between the 
mean CAP amplitudes recorded from the right side 
of the face and those recorded from the left side. 
Accordingly, we found an amplitude asymmetry of 
7%, which was not statistically significant. The side- 
to-side amplitude percentual difference, which is a 
ratio of CAP values on both sides of the face, did 
not fluctuate significantly over the course of the day. 
This constancy results from similar fluctuations over 
time of ENoG parameters on both sides of the face. 
However, these results are pertinent to healthy sub- 
jects. The results may be different when there is im- 
pairment of the facial nerve by an inflammatory or 
traumatic process. Such situations deserve further 
study of the fluctuation over time of the side-to-side 
percentual differences. 
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The increase in CAP amplitude and reduction of 
latency with increase in temperature may be ex- 
plained by studies of axonal action potential a: differ- 
ent temperatures. Physiological studies of single axon 
preparations showed that there is a strong tempera- 
ture dependency of axonal membrane ionic conduc- 
tance. With increasing temperature, there is an in- 
crease in voltage-sensitive sodium channel conduc- 
tance that results in increased action potentials More- 
over, with increasing temperature, the latency of ac- 


tion potentials shortens.” 


CONCLUSIONS 


We found 24-hour oscillations of CAP amplitude 
and a positive correlation between them and local 
temperature. There was also a significant reduction 
of CAP amplitude with artificial cooling of the face 
and a minimal increase in latency. There was a nega- 
live correlation, albeit not statistically significant, 
between latency and local temperature fluctuations. 
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EFFECT OF PLATELET ACTIVATING FACTOR AND ITS ANTAGONIST 
ON THE MUCOCILIARY CLEARANCE OF THE EUSTACHIAN TUBE 
IN GUINEA PIGS 
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The purpose of this study was to test whether platelet activating factor (PAF) impairs the mucociliary clearance function of the 
eustachian tube (ET) in a dose-dependent manner and whether PAF antagonist can prevent the impairment of mucociliary function 
of the ET induced by PAF. Coomassie brilliant blue dye transport time (DTT) in normal guinea pigs was 69 seconds. The DTTs after 
the application of normal saline and PAF at 1 and 2 pg/mL into bullae were 66, 74, and 157 seconds. The time was over 15 minutes 
when 4, 8, and 16 g/ml of PAF were applied. The DTT was 62 seconds when the animals were pretreated with PAF antagonist 
(WEB 2170). There were significant delays of the DTTs after treatment with 2, 4, 8, and 16 ug/mL of PAF. Histopathologic exami- 
nation of ETs from groups with a significant delay in DTTs showed intact cilia, mucous plugs, increased inflammatory cells, and 
exfoliation of cells. This study demonstrated that PAF impaired the mucociliary clearance function of the ET in a dose-dependent 
manner, This impairment of mucociliary clearance function was prevented by pretreatment with PAF antagonist. The findings of the 
study suggest that PAF plays an important role in the pathogenesis of otitis media with effusion by impairing the ET clearance 
function. 


KEY WORDS — eustachian tube, mucociliary clearance, otitis media, platelet activating factor. 


INTRODUCTION tor has induced ciliary dysfunction and epithelial 
When inflammatory mediators are released in the damage of human paranasal sinus mucosa in vitro.? 
middle ear (ME) by viral or bacterial infection, aller- Platelet activating factor has been suggested to af- 
gy, or eustachian tube (ET) dysfunction, they seem fect ET function by decreasing microcirculation of 
to play a major role in the pathogenesis of otitis media the tubal orifice and increasing the opening pressure 
with effusion (OME). Studies have also implicated of the ET.*° It has been suggested that disruption of 
platelet activating factor (PAF) in the pathogenesis the mucociliary system leads to the development of 
of OME, in addition to other inflammatory media- fluid in the ME (ME effusion; MEE), and continued 
tors such as prostaglandins and leukotrienes.! Plate- dysfunction of the mucociliary apparatus in the ME 
let activating factor is known to have wide-ranging and ET may be responsible, in part, for the chronic- 
effects on a number of tissues and inflammatory ity of these effusions.® Levels of PAF in samples of 
cells.2 Since the early 1970s, many studies have dem- human MEE have been reported to be in the range 
onstrated that PAF may play an important role in of 5.5 g/mL in purulent otitis media, 7.6 g/mL in 
acute inflammation and allergy. Platelet activating mucoid otitis media, and 31.5 g/mL in serous otitis 
factor is released from human neutrophils, platelets, media.’ 
eosinophils, macrophages, mast cells, and vascular ` A PAF antagonist (WEB-2170) has been studied 
endothelial cells.? Its activities include induction of extensively and is well proven for its inhibitory ef- 
microvascular leakage, chemotaxis, bronchoconstric- fects against various PAF actions, including its inhib- 
tion, increased bronchial hyperresponsiveness, in- itory action against PAF-induced OME.! The pur- 
creased airway mucus secretion, and induction of hy- pose of this study was 1) to test the hypothesis that 
potension, shock, and death.? Platelet activating fac- PAF impairs the mucociliary function of the ET in a 
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_ TABLE 1. EXPERIMENTAL GROUPS 





Intraperitoneal 
Injection 


Agents in 
Bullae 


Groups 








Normal saline 
control group Normal saline 
PAF | ug/mL 
PAF 2 ug/mL 
PAF 4 ug/mL 
PAF 8 ug/mL 
PAF 16 ug/mL 
PAF 2 ug/mL 


l-ug Group 

2-ug Group 

4-tig Group 

8-ug Group 

16-2 Group 

PAF antagonist group PAF ante gonist 

(WEB-2170) 
PAF — platelet activating factor. 

dose-dependent manner, and 2) to test whether PAF 

antagonists can prevent impairment of mucociliary 

function of the ET induced by PAF. 


MATERIALS AND METHODS 


Experimental Animals. Healthy adult guinea pigs 
(300 to 350 g), free of ME infection as determined 
by otomicroscopy, were used. A total of 78 ears (from 
39 animals) were tested. An average baseline dye 
transport time (DTT) with 5.0% Coomassie brilliant 
blue dye (CBB, Sigma Chemical Co, St Louis, Mo) 
was established in 8 ears. Thirty-five animals (a to- 
tal of 70 ears) were randomly assigned to 7 groups 
(10 ears from 5 animals in each group): 1) a normal 
saline (NS) control group, injected with NS into bi- 
lateral bullae, 2) a 1-ug group, injected with | Ug/ 
mL of PAF (Sigma Chemical Co), 3) a 2-ug group. 
injected with 2 g/mL of PAF, 4) a 4-ug group, in- 
jected with 4 g/mL of PAF, 5) an 8-ug group, in- 
jected with 8 g/mL of PAF, 6) a 16-ug group, in- 
jected with 16 ug/mL of PAF, and 7) a PAF antago- 
nist group, pretreated with PAF antagonist (WEB- 
2170, Boehringer Ingelheim, Germany) and injected 
with 2 ug/mL of PAF. 


Assessment of Dye Transport. All operations were 
performed under anesthesia with ketamine (30 mg/ 
kg) and xylazine hydrochloride (2 mg/kg). 


Experiment 1 (Normal Dye Transport Time). The 
anesthetized animals were placed in a prone posi- 
tion, and the postauricular area was infiltrated with 
1% Xylocaine to reinforce the anesthesia. Postauric- 
ular incisions were carried out, and the posterior tips 
of the bullae were exposed. The bullae were punc- 
tured in order to allow a 23-gauge hypodermic needle 
to pass through and to allow any excess air to exit. 
Animals were then placed in a supine position to 
expose their palates under microscopy. The soft pal- 
ates were incised to visualize the nasopharyngeal ori- 
fices of the ET. The animals were placed back in the 
prone position, and 0.15 mL of CBB dye was in- 


jected into the bullae. The time required for the dye 
to begin to appear at the nasopharyngeal orifice of 
the ET was recorded, 


Experiment 2 (Control and PAF Groups). The bul- 
lae and the nasopharyngeal orifices of the ET were 
exposed by the same method as in experiment | (Ta- 
ble 1). In the control group, 0.2 mL of NS was in- 
jected into bilateral bullae. Fifteen minutes later, 0.15 
mL of 5% CBB was injected into the same bullae, 
and the time required for the dye to just become vis- 
ible at the nasopharyngeal orifices of the ET was 
recorded as the transport time for the control group. 
In the PAF groups, 1, 2, 4, 8, or 16 g/mL of PAF in 
0.2 mL of NS was injected into the bilateral bullae 
of each animal. The DTT was measured with 5% 
CBB in the same manner as in the control group. 


Experiment 3 (PAF Antagonist Group). The ani- 
mals were pretreated with an intraperitoneal injec- 
tion of PAF antagonist (WEB-2170), 10 mg/kg, 2 
hours prior to the intrabullar injection of 2 ug/mL of 
PAF in 0.2 mL of NS. The DTT was measured in the 
same manner as in the previous groups with 5% CBB. 


Light Microscopy. Four selected ETs from each 
group were processed for routine histologic exami- 
nation. Following in situ fixation of the ETs, by in- 
jection of 2.5% glutaraldehyde into the bullae, the 
lissue was postfixed in 10% formalin, decalcified 
with 10% ethylenediaminetetraacetic acid (EDTA) 
in 0.1 mol /L Tris-buffered saline, dehydrated by pas- 
sage through a graded series of ethanol washes, and 
embedded in paraffin. Sections were cut to a thick- 
ness of 15 um and stained with hematoxylin and 
eosin. To examine the same area from each ET, sec- 
tions were obtained from the tympanic portion and 
the nasopharyngeal portion. The presence of cilia, 
the presence of a mucous plug in the tubal lumen, 
the degree of epithelial exfoliation, and the degree 
of inflammation in the ET tissues were recorded. 

Transmission Electron Microscopy. Four ETs each 
from the 2- and 4-ug/mL groups were prepared for 
transmission electron microscopy (TEM) by local 
fixation with 2.5% glutaraldehyde injected into the 
bullae. After dissection of the ET from the temporal 
bone, the tissue was further fixed with 2.5% para- 
formaldehyde-glutaraldehyde, washed with buffer 
solution (phosphate buffer pH 7.2 to 7.4). postfixed 
with 1% osmic acid, dehydrated by passage through 
a graded series of ethanol washes, and embedded in 
Epon-araldite solution. The specimens were sec- 
tioned, stained for TEM by standard techniques, and 
examined with a JEOL 100 CX-II transmission elec- 
tron microscope. 


Statistics. All values were assumed to be normally 
distributed. A l-way analysis of variance was used 
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TABLE 2. STATISTICAL ANALYSIS 


Normal PAF 
Control Saline l-ug  2-ug Antagonist 
Group Group Group Group Group 











Control 

group NS NS 
Normal 

saline 

group NS NS 
l-ug Group NS NS 
2-ug Group p<.05 p<.05 p<.05 
PAF 

antagonist 

group NS NS NS 

One-way analysis of variance was used to determine differences 

among means. Post hoc analysis was done by Scheffé test. 


p<.05 NS 


p<.05 NS 
p<.05 NS 
p<.05 


p<.05 


NS — not significant. 
to determine the differences among means. Post hoc 
analysis was done by Scheffé test. We selected p < 
.05 as the level of significance for all analyses. 


RESULTS 


Dye Transport. Before initiating CBB dye trans- 
port studies, we assessed the effect of volume on 
transport to avoid either too large a volume, which 
would lead to passive streaming of the dye down the 
ET, or too small a volume, which would result in 
stagnant pooling of the dye in the inferior aspect of 
the bulla. Volumes of the dye greater than 0.2 mL 
resulted in immediate pumping appearance of the 
dye at the ET orifice, while those less than 0.1 mL 
failed to appear within the 15-minute limit arbitrarily 
set for the dye transport. A volume of 0.15 mL gave 
reproducible results and therefore was used through- 
out these experiments. 


The transport time (+SD) of the dye through the 
ET from the ME cavity to the nasopharyngeal ori- 
fice of the normal guinea pigs was 69 + 7 seconds. 
The transport time of the dye from the ME cavity to 
the nasopharyngeal orifice of the ETs after an injec- 
tion of NS (control group) was 66 + 5 seconds. The 
DTTs in the PAF-injected groups were l-g group 
74 + 6 seconds and 2-ug group 157 + 9 seconds. In 
the 4-ug group, the dye did not appear for 15 min- 
utes in 4 ears, and it took from 130 seconds to 9 
minutes in the other 6 ears. We found in this study 
that the dye was impassable if it did not pass through 
the ET in 15 minutes. In the 8-ug group, the dye did 
not appear in the nasopharyngeal orifice for 15 min- 
utes in 6 ears, and it took 8 to 10 minutes in the other 
4 ears. In the 16-ug group, dye was not visible for 
15 minutes in all 10 ears. In the PAF antagonist 
group, the dye became visible in 62 + 5 seconds. 
The statistical analysis is summarized in Table 2. 
There was no statistically significant difference 
among the normal DTT and DTTs of the NS con- 
trol, 1-ug, and PAF antagonist groups. The differ- 
ences of DTT between the NS control and 2-, 4-, 
8-, and 16-ug groups were significant. 

Histopathology of Eustachian Tube. Light micros- 
copy of the ET demonstrated a clear tubal lumen with 
a minimal amount of mucous plug, minimal inflam- 
matory cell infiltrations, and minimal cel! exfolia- 
tions in the NS, l-ug, and PAF antagonist groups 
(Fig 1). The amount of mucous plug and the num- 
bers of inflammatory cells and cell exfoliations were 
higher in the 2-, 4-, 8-, and 16-ug groups (Fig 2). In 
general, the amount of mucous plug and the degree 
of infiltration of inflammatory cells and cell exfoli- 
ations were higher in the prolonged DTT groups than 





Fig |. Light micrographs of guinea pig eustachian tube epithelium from A) normal saline group, B) l-ug platelet activating 
factor (PAF) group, and C) PAF antagonist group (original x120). All showed patent tubal lumen and intact cilia with minimal 
mucous plug, minimal cell exfoliations, and minimal inflammatory cell infiltrations, 
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in the nonprolonged groups, as demonstrated in Table 
3 


Transmission Electron Microscopy. The morpho- 
logical integrity of the ciliated cells in the ETs of the 
2- and 4-ug groups was well maintained (Fig 3). 


DISCUSSION 


Measuring DTTs through the ET for assessment 
of the rate of transport from the ME to the nasopha- 
ryngeal orifice of the ET in the chinchilla was estab- 
lished by Bakaletz et al. Using guinea pigs as ex- 
perimental animals, we obtained normal transport 
rates similar to those of chinchillas. On light micro- 
scopic study, we observed intact cilia in most of the 
tubal membranes of the experimental groups, al- 
though there was an increased rate of cell exfolia- 





Fig 2. Light micrographs of guinea pig 
eustachian tube epithelium from A) 2-ug 
PAF, B) 4-ug PAF, C) 8-ug PAF, and 
D) 16-ug PAF groups (original x120). 
Amount of mucous plug and numbers of 
inflammatory cells and exfoliated cells 
were higher in 2-. 4-, 8-, and 16-ug PAF 
groups than in normal saline, l-ug PAF, 
and PAF antagonist groups. 





tion in the 2- to 16-ug groups. These findings indi- 
cate that PAF induces partial or complete reduction 
of the ciliary activity. This reduction of the ciliary 
activity as shown by DTT was PAF dose-dependent 
from the 2-ug group to the 16-ug group. The DTT 
was 157 seconds in the 2-ug group, 130 seconds to 
9 minutes in the 4-ug group, and 8 to 10 minutes in 
the 8-ug group; the dye did not pass for 15 minutes 
in the 16-ug group. The number of ETs that did not 
pass the dye also increased in a dose-dependent man- 
ner: 4 in the 4-ug group, 6 in the 8-ug group, and 10 
in the 16-ug group. The finding of more mucous plug 
in the 2- to 16-ug PAF groups than in the NS, |-ug 
PAF, and PAF antagonist groups may indicate that 
PAF may have caused increased mucous secretions 
into the lumen of the ET and that the presence of 
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TABLE 3. DEGREE OF MUCOUS PLUG, CELL 
EXFOLIATION, AND INFLAMMATION _ 











Mucous 
Plug Exfoliation Inflammation 
Normal saline group 2+ 0 4+ 
l-ug Group 2+ 1+ 2+ 
PAF antagonist group 3+ l+ 3+ 
2-ug Group 3+ 5+ 6+ 
4-ug Group T+ 7+ 12+ 
8-ug Group 9+ 8+ 8+ 
16-ug Group 12+ 10+ 9+ 


N = 4 in each group, Amount of mucous plug and degrees of cell 
exfoliation and inflammation were graded from 1+ to 5+ in each 
animal. Numbers of “+"'s from 4 ears of each group were added. 
Numbers indicate total numbers of “+”s in each group. 


this mucous plug contributed to the delay of dye 
transport through the ET. Only a minimal degree of 
cell exfoliation and a minimal amount of mucous 
plug were seen in the NS control, l-ug PAF, and 
PAF antagonist groups, leaving the tubal lumen pa- 
tent and keeping the mucociliary function within nor- 


mal range. This mucous secretion in the lumen of 


the ET is supported by the studies of Lin et al,?:!” 


who have reported that PAF stimulated secretion of 


mucous glycoprotein in a dose-dependent manner 
from chinchilla ME epithelial cells in vitro. In those 
same studies, PAF antagonist and synthesis inhibi- 
tor inhibited PAF-stimulated mucous secretion. The 
exfoliation of epithelial cells has been observed in 
human paranasal sinus mucosa after exposure to 
PAF.? The well-maintained morphological integrity 
of the ciliated cells in the ETs of the 2- and 4-ug 
PAF groups in the TEM study indicates that the de- 
lay of DTT was due to inhibited mucociliary func- 
tion of the ETs, and not to damage of the ciliated 
cells, 


The mucociliary activity of the ET plays a critical 
role in the defense system of the ME in humans as 
well as in animals. Debris and fluid in the ME are 
drained into the nasopharynx through the ET by mu- 
cociliary action.'' Disruption of this mucociliary 
function leads to the development of fluid in the ME, 
and continued dysfunction of the mucociliary appa- 
ratus in the ME and ET may be responsible, in part, 
for the chronicity of MEE.® Since PAF is released as 
inflammation develops in the ME cavity, PAF may 
disrupt the mucociliary transport function as it flows 
into the ET from the ME, and it may contribute to 
the development and maintenance of MEE. 


Initially, we failed to observe any delay of DTT 
through the ET when the bullae were exposed to PAF 
for only 10 minutes. The delay of dye transport was 
observed after exposing the bullae for 15 minutes to 
various concentrations of PAF. It seems that a mini- 
mum of 15 minutes is necessary for the tubal mu- 
cosa and cilia to react to 2-ug/mL or higher concen- 
trations of PAF. In our previous experiment, | ug/ 
mL of PAF in bullae induced OME in 36 hours, while 
8 and 16 ug/mL of PAF in bullae started to produce 
MEE within | hour of PAF infusion.! When ETs are 
exposed to higher concentrations of PAF, their clear- 
ance function is lost, and MEE is induced in a short 
period of time. This explains why it took less time 
to develop MEE with higher concentrations (8 and 
16 g/mL) of PAF than with lower concentrations 
(1 ug/mL) of PAF. 


A PAF antagonist (WEB-2170) prevented the de- 
velopment of PAF-induced OME in our previous 
study.! In animals pretreated with PAF antagonist, 
the delay of DTT induced by PAF did not occur. The 
PAF antagonist may prevent the development of 





Fig 3. Transmission electron micrographs of guinea pig eustachian tube epithelium from A) 2-442 PAF and B) 4-ug PAT 
groups (original x28,000). Morphological integrity of ciliated cells in eustachian tubes of 2- and 4-ug groups was well main- 
tained. 
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PAF-induced OME by preventing mucociliary dys- 
function of the ET. 
CONCLUSION 


This study demonstrated that PAF impaired the 
mucociliary clearance function of the ET in a dose- 


dependent manner in guinea pigs. This inhibition of 
mucociliary clearance function was prevented by pre- 
treatment with PAF antagonist. The findings of this 
study suggest that PAF plays an important role in 
the pathogenesis of OME by impairing the ET clear- 
ance function. 
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PROSPECTIVE APPLICATION OF A PROTOCOL FOR SELECTIVE 
NONSURGICAL MANAGEMENT OF SUSPECTED ORBITAL 
SUBPERIOSTEAL ABSCESSES IN CHILDREN 
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Goodwin et al (1982) and Souliere et al (1990) have proposed a protocol for the selective nonsurgical management of suspected 
orbital subperiosteal abscesses. This protocol has been routinely applied by the Temple Pediatric Otolaryngology and Ophthalmol- 
ogy services since 1990. During this period, children with computed tomography and physical examination findings consistent with 
orbital subperiosteal abscesses and visual acuity better than 20/60 were treated with intravenous antibiotics rather than immediate 
__ surgery. They were followed with frequent ophthalmologic examinations and operated upon if vision deteriorated or they failed to 
improve clinically within 48 hours. A review of patients admitted to St Christopher’s Hospital for Children, the site of Temple 
University’s pediatric activities in the years from 1991 to 1997, revealed 14 patients with clinical evidence of orbital subperiosteal 
abscesses. Twelve patients were treated in accordance with the Goodwin-Souliere protocol. All recovered completely without surgi- 
cal intervention and without any adverse sequelae. Selective nonsurgical treatment of clinically diagnosed orbital subperiosteal 


abscesses in children is relatively safe and effective. 
KEY WORDS — abscess, orbit, subperiosteal abscess. 


INTRODUCTION 


Orbital subperiosteal abscesses are the most fre- 
quent serious complications of ethmoid sinusitis in 
childhood. They occur when infection breaches the 
lamina papyracea directly or as the result of retro- 
grade thrombophlebitis via the valveless ophthalmic 
venous system. This results in the accumulation of 
purulent material within the orbit but outside the 
barrier of the orbital periosteum.!? Since the expan- 
sion of the potential subperiosteal space may be 
rapid, optic nerve function can be compromised by 
mechanical distortion and elevated intraorbital pres- 
sure. Traditionally, immediate surgical decompres- 
sion by either an external or intranasal approach has 
been advocated. 


In 1982, Goodwin et al! described the medical 
management of 3 patients with orbital subperiosteal 
abscesses who did not have visual impairment. They 
argued that advances in imaging technology, paired 
with careful ophthalmologic examination, permitted 
a more conservative approach in carefully selected 
patients. Souliere et al? presented a series of 10 chil- 
dren with orbital subperiosteal abscesses, 5 of whom 
were treated medically following the protocol de- 
scribed by Goodwin et al. 


Since 1990, it has been the practice of the Temple 


Pediatric Otolaryngology and Pediatric Ophthalmol- 
ogy services to use initial medical treatment in chil- 
dren with clinical and computed tomography (CT) 
evidence of orbital subperiosteal abscesses provided 
1) initial visual acuity is better than 20/60, 2) visual 
acuity does not worsen at any time, 3) there is no 
evidence of intracranial involvement, and 4) the chil- 
dren show evidence of improvement in orbital edema 
and extraocular movements within 48 hours of treat- 
ment onset. This study evaluates the safety and effi- 
cacy of this protocol. 


MATERIALS AND METHODS 


The office records of the Temple Pediatric Otolar- 
yngology service and admission records of St Chris- 
topher’s Hospital for Children were reviewed to iden- 
tify all patients treated for suspected orbital subperi- 
osteal abscesses. These records were analyzed to de- 
termine initial presenting symptoms, results of CT, 
procedures performed, length of hospital stay, and 
outcome in terms of recovery of extraocular move- 
ment and visual acuity. Patients with intraconal or- 
bital involvement underwent surgery immediately 
and were not included in this study. 


Full-time pediatric otolaryngology faculty treated 
all children. An ophthalmologic consultation and 
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contrast-enhanced CT imaging were obtained rou- 
tinely for children with history and physical signs 
suggestive of orbital subperiosteal abscess (nesal dis- 
charge, preseptal edema, limitation of gaze, or prop- 
tosis). Visual acuity was determined by a pediatric 
ophthalmologist using a Snellen chart. In young chil- 
dren, an Allen chart or other developmentally ap- 
propriate visual acuity charts (eg, illiterate E or other 
picture charts) were used to assess visual acuity. Af- 
ter initial examination, rechecks of vision were per- 
formed by the nursing staff every 2 hours anc by the 
ophthalmology service on at least a daily basis. In- 
fants underwent the fix-and-follow test, funduscopic 
examination, and observation of afferent pupillary 
function for assessment of visual function. Such test- 
ing does not yield quantitative assessment of visual 
acuity. The CT results were reviewed by a pediatric 
radiologist. An orbital subperiosteal abscess was sus- 
pected if there was elevation of the orbital perios- 
teum and displacement of the medial rectus muscle 
by a contrast-enhancing mass in the presence of eth- 
moid sinusitis. “Ring enhancement” of the lesion by 
contrast material increased our level of suspicion. 
Identification of an air-fluid level within the subperi- 
osteal space was considered a definite indication of 
abscess. 


RESULTS 


Fourteen patients with orbital subperiosteal ab- 
scesses were identified. Twelve had been treated by 
the Goodwin-Souliere protocol. One child with nor- 
mal visual acuity, admitted to another service in the 
hospital, underwent an external ethmoidectomy with- 
out a trial of antibiotics and was excluded from the 
study. One infant with mild symptoms was treated 
medically, although exact visual acuity could not be 
determined, The mean patient age was 5.5 years with 
an age range of 13 months to 12 years. There was a 
male-to-female ratio of 5.5 to 1. All patients had peri- 
orbital edema and erythema at the time of presenta- 
tion. Other presenting symptoms included chemosis 
(77%), proptosis (54%), headache (38%), and lim- 
ited extraocular movements (31%). Blood cultures, 
performed in 10 patients, and lumbar punctures, ob- 
tained in 2 patients, were all negative. Computed to- 
mography typically revealed evidence of ipsi ateral 
or bilateral ethmoid sinusitis. All patients were 
treated with second- or third-generation cepha ospo- 
rins and nasal decongestants alone. All improved 
clinically within 48 hours. None underwent surgical 
drainage for an abscess. None suffered permanent 


neurologic sequelae. All patients had a full return of 


vision and extraocular movements to the premorbid 
level. The average hospital stay was 6.6 days. 


The 13-month-old infant presented to our hospi- 


tal with his second episode of right orbital subperi- 
osteal abscess, 2 months after hospitalization else- 
where. After complete recovery, an elective endo- 
scopic ethmoidectomy was performed, revealing a 
large dehiscence of the lamina papyracea in the pos- 
terior ethmoid sinuses, with prolapse of intact or- 
bital periosteum. This was thought to represent a con- 
genital defect in the medial orbital wall. Orbital in- 
fection has not recurred. 


DISCUSSION 


The best management of orbital subperiosteal ab- 
scesses remains a topic of lively debate among oto- 
laryngologists. It has been argued that immediate 
surgical drainage of suspected abscesses is manda- 
tory to preserve sight and to limit the length of hos- 
pital stay.*> Although surgical management options 
include open drainage through an external ethmoid- 
ectomy approach, the widespread application of en- 
doscopic sinus surgery has made surgery especially 
attractive in that no external scar results from the 
intranasal endoscopic approach.®? Enthusiasm for 
surgery must be tempered by several observations. 
Schramm et al! found that among 303 children 
treated for orbital complications of sinusitis, only 
children with visual acuity worse than 20/60 had ad- 
verse outcomes. Further, early surgical intervention 
does not completely ensure against the development 
of serious ocular sequelae.4>:'! Although the sensi- 
tivity of CT in detecting the presence of abscess or 
cellulitis is thought to be high, CT is not specific in 
differentiating an abscess from cellulitis or ede- 
ma.!>! Further, initial CT findings are often not pre- 
dictive of the clinical course.'*:'5 In addition, CT may 
overestimate the incidence of orbital subperiosteal 
abscesses, as a phlegmon in the same location is of- 
ten indistinguishable from an abscess, especially 
when no air-fluid level is seen.!® 


On the basis of these observations, several authors 
have challenged the notion that immediate surgery 
is always indicated.! Goodwin et al! proposed that 
the presence of an orbital subperiosteal abscess is 
only a relative indication for surgical drainage. Three 
of 13 children in their series were spared surgery 
after these 3 showed marked clinical improvement 
within 48 hours of starting medical therapy. Souliere 
et al? reviewed the case histories of children treated 
at 2 medical centers according to the guidelines de- 
scribed by Goodwin et al. Five of the 10 children in 
their series had complete clinical and radiographic 
resolution of orbital subperiosteal abscesses with- 
out surgical intervention. 


When the senior author (G.I.) began practice at St 
Christopher's Hospital for Children in 1990, the Tem- 
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ple Pediatric Otolaryngology and Ophthalmology 
services, which cared jointly for children with orbi- 
tal subperiosteal abscesses at that institution, agreed 
to the uniform application of the Goodwin-Souliere 
protocol for newly admitted patients. In the ensuing 
7 years, no patient has required surgical drainage of 
an orbital subperiosteal abscess. The average hospi- 
tal stay, 6.6 days, compares favorably with those of 
surgical series in the literature.68 Arjmand et al’ re- 
ported an average hospitalization of 7.6 days. Man- 
ning’ reported 5 patients with average hospitaliza- 
tion of 4.4 days. Page and Wiatrak® reported aver- 
age hospital stays of 7.4 days for patients treated with 
external drainage or a combined approach (external 
ethmoidectomy and endoscopic approach), and 6.0 
days for those treated endoscopically. 


Given the small sample size of all reported series, 
it could be argued that our patient population was 
different from others in the literature. It is possible 
that our patients were less ill, since each of our pa- 
tients had visual acuity of 20/60 or better at presen- 
tation and none progressed to more severe disease 
while receiving medical treatment. Further, the mean 
patient age in our study (5.4 years) was slightly lower 
than the average age of children with orbital sub- 
periosteal abscesses reported by other authors (Sou- 
liere et al,? 8.9 years; Arjmand et al,’ 9 years; Har- 
ris,* 8.9 years). Despite these concerns, it is impor- 
tant that our study population was composed of a 
consecutive series of children presenting at or trans- 
ferred to a major urban tertiary referral hospital over 
a 7-year period — not a group selected for mild dis- 
ease. 


Experience with the treatment of focal infections 
elsewhere in the head and neck is in accordance with 
our findings in treating orbital subperiosteal ab- 
scesses. Computed tomography—diagnosed “abscess- 
es” of the peritonsillar and retropharyngeal regions 





have been treated safely with patience and intrave- 
nous antibiotics.3:!7-19 This outcome owes in part to 
the efficacy of currently available intravenous anti- 
biotics in the penetration of inflamed tissues and 
eradication of common upper respiratory tract patho- 
gens, often with polymicrobial flora.!72° Further, 
when such “abscesses” are approached surgically, 
pus is found in only a portion of cases. Clearly, con- 
trast-enhanced CT does a poor job of separating in- 
flammatory edema or phlegmon from a true abscess 
in the absence of an air-fluid level within the tis- 
sue.>13.14 Since none of our patients underwent sur- 
gical exploration, which is the gold standard for ab- 
scess diagnosis, it is possible that they actually had 
cellulitis rather than a true collection of purulent ma- 
terial as CT suggested. By the same token, immedi- 
ate surgical drainage in the face of “positive” CT 
may be excessive in many cases. 


The safe application of the Goodwin-Souliere pro- 
tocol demands frequent and accurate assessment of 
visual acuity. Some have argued that this is not pos- 
sible in children.” We have found that in an institu- 
tion in which consultation with a pediatric ophthal- 
mologist is readily available, visual acuity can be 
determined with consistency, and that every-2-hour 
checks by skilled pediatric nurses are sufficient to 
allow relatively safe management. In settings in 
which such services are not available, it is possible 
that early surgery or transfer to a tertiary-care hospi- 
tal would be preferable. Further, it should be em- 
phasized that the Goodwin-Souliere protocol has 
been tested only in young children. Its applicability 
to adult populations is unknown. 


CONCLUSION 


The Goodwin-Souliere protocol permits the se- 
lective nonsurgical treatment of orbital subperiosteal 
abscesses without excess morbidity or hospitaliza- 
tion. 
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SINUSITIS WITH CONTIGUOUS ABSCESS INVOLVEMENT 
OF THE CLIVUS AND PETROUS APICES 


CASE REPORT 


DICK L. HOISTAD, MD 


ARNDT J. DUVALL I, MD 


MINNEAPOLIS, MINNESOTA 


- Awide spectrum of diseases may involve the clivus, such as primary neoplasms, metastatic disease, and inflammatory, vascular, 
hematopoietic, and infectious processes. Of these, osteomyelitis of the skull base and/or clival-petrous abscess are unusual, but may 
occur as a result of contiguous spread from the paranasal sinuses, namely, the posterior ethmoid and sphenoid, as was demonstrated 
by this patient. ‘In this case report we discuss the pertinent anatomy, imaging studies, pathogenesis, and medical and surgical man- 


agement of this case. 


KEY WORDS — abscess, clivus, osteomyelitis, paranasal sinus, petrous apex, sinusitis. 


CASE REPORT 


A 38-year-old woman, with no significant past 
medical history, initially developed upper respirato- 
ry tract symptoms 3 days prior to hospital admis- 
sion. The day before her admission, the patient was 
evaluated by her primary care physician and received 
nonsteroidal anti-inflammatory medication for a se- 
vere headache in the occiput region. Within the next 
24 hours, the patient developed a marked headache, 
meningismus, emesis, chills, and a fever of 39.5°C, 
There was no recent history of dental work, travel, 
or preexisting disease. The patient was subsequently 
admitted through the emergency room after a lum- 
bar puncture showed 3+ polymorphonuclear cells, a 
white blood cell (WBC) level of 2,700/100 mL, a 
glucose level of 54 mg/dL, and a protein level of 
185 mg/dL. The initial serum WBC count was 7,100/ 
100 mL with 73% segmented, 7% bands, and an ery- 
throcyte sedimentation rate of 71 mm/h. Electrolytes 
were within normal limits. The patient was treated 
with intravenous clindamycin and Rocephin. The 
cerebrospinal fluid culture grew gram-negative cocci 
and bacilli consistent with Haemophilus influenzae. 
A computed tomography (CT) scan of the head 
showed bilateral ethmoid and sphenoid sinus disease 
with an air-fluid level involving a “pneumatized” 
clivus. 


On physical examination, the patient’s vital signs 
were a temperature of 38°C, a blood pressure of 122/ 
74, a pulse of 76, and a respiratory rate of 18. Sinus 
endoscopy demonstrated bilateral yellow drainage 
medial to the middle turbinates, along with bilateral 
middle and inferior turbinate congestion. An otoscop- 





ic examination showed normal findings bilaterally. 
The pupils were reactive and symmetric. The sinuses 
were nontender to palpation. The oral cavity and oral 
pharynx showed no oral lesions and minimal tonsil- 
lar enlargement. The neck was stiff on flexion. The 
remaining physical examination findings were nor- 
mal, including cranial nerves II to XII. 


The patient was then transferred to the University 
of Minnesota Hospital and was treated with decon- 
gestants and intravenous Rocephin, vancomycin hy- 
drochloride, and Flagyl. The clindamycin was dis- 
continued. After determination of culture sensitivi- 
ties, the patient was treated only with intravenous 
Rocephin. 


A repeat CT scan of the sinuses and of the skull 
base revealed bilateral opacification of the ethmoid 
and sphenoid sinuses communicating with a fluid- 
filled lytic lesion of the clivus, anterior basioccipital 
bone, and petrous apices bilaterally. The disease in- 
volvement was suggestive of sinusitis with a con- 
comitant osteomyelitis, abscess, mucocele, or mass 
lesion (Fig 1). 


The patient was taken to the operating room for 
transoral drainage of the clivus. A superior posterior 
pharyngeal mucosal flap was elevated and an anterior 
opening was drilled into the wall of the clivus. Frank 
pus exuded under pressure from the clivus and both 
petrous apices. A flexible endoscope demonstrated 
exposed dura along the roof and sides of the cavity. 
The posterior pharyngeal mucosa was closed primari- 
ly. The final pathology report of the anterior clival 
bone showed osteomyelitis. The aerobic culture of 
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Fig 1. Computed tomography scan (axial section) cf pos- 
terior ethmoids and sphenoid sinus, taken during acute 
sinusitis, shows air-fluid level in sphenoid sinus (crrow 

heads) with extension into clivus (arrow), anterior basi 

occipital bone, and bilateral petrous apices (pa). 


the abscess fluid grew coagulase-negative Staphylo- 
coccus. Anaerobic, fungal, and acid-fast bacilli cul- 
tures were negative. 


The patient was discharged home following 7 days 
of intravenous Rocephin. She was treated with oral 
Augmentin for the next 6 weeks. 


Clinically, at 6-month follow-up, the patient con- 
tinued to do well, and a repeat CT scan of the sinus- 
es showed the sinuses, clivus, basioccipital bone, and 
bilateral petrous apices to be well pneumatized with- 
out residual inflammatory process or intrecranial 
abnormalities (Fig 2). The cavity was contiguous 
with the sphenoid sinuses. A sphenoidotomy was per- 
formed to allow prompt drainage of any future si- 
nusitis. Two years later, the patient remains asymp- 
tomatic. An audiogram demonstrated normal hear- 
ing through 14,000 Hz. 


DISCUSSION 


Common factors predisposing to sphenoid sinusi- 
tis include upper respiratory tract infection, intrana- 
sal water, maxillofacial trauma, ethmoid sinusitis, 
diabetes, immune deficiency, and chemotherapy regi- 
mens. Our patient did have an upper respiratory tract 
infection with symptoms 3 to 4 days prior to initial 
presentation for medical treatment. 


Anatomically, the clivus (Latin: hill), situated be- 
tween the foramen magnum and dorsum sellae, is 
originally a cartilaginous structure that oss fies to 
form the basisphenoid and basioccipital bones.! It is 
bounded laterally by the petro-occipital fissure and 





Fig 2. Six-month postsurgical computed tomography scan 
(axial section) of posterior ethmoids and sphenoid sinus 
shows pneumatization of sphenoid sinus (arrowhead), 
clivus (arrow), anterior basioccipital bone, and bilateral 


petrous apices (pa). 


the synchondrosis between the basioccipital and 
exoccipital bones. The petro-occipital fissure begins 
near the cavernous sinus and extends inferiorly to 
the jugular foramen. The synchondrosis between the 
basioccipital and exoccipital bones fuses at 3 to 4 
years of age, when it forms the lateral margin of the 
clivus at the foramen magnum. The anterior margin 
of the clivus abuts the sphenoid sinus, whereas the 
inferior margin represents the nasopharyngeal sur- 
face of the base of the skull. The posterior surface is 
usually concave or flat and is the anterior surface of 
the prepontine and premedullary cisterns. Pneuma- 
tization of the clivus is rare. It normally consists of 
bone marrow, as demonstrated by magnetic reso- 
nance imaging (MRI).? 


Our patient did have sinusitis, but a differential 
diagnosis would include mucocele, nasopharyngeal 
carcinoma, pituitary adenoma, mucinous adenoma, 
chondrosarcoma, chordoma, meningioma, neuroma, 
neurilemoma, craniopharyngioma, carcinoma, and 
abscess formation. 


Most osteomyelitis of the skull base derives from 
middle ear—mastoid disease or malignant otitis ex- 
terna.*+ However, this patient had well-pneumatized, 
undiseased mastoid air cell systems. There was si- 
nusitis, and the abscess was open to the sphenoid 
sinuses. It is possible that this patient already had a 
pneumatized clivus prior to sinusitis, but this would 
be most unusual. More probably, virulent bacteria 
spread directly from the sphenoid sinus to the mar- 
row of the clivus, anterior basioccipital bone, and 
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the petrous apices, as can occur in Pott’s puffy tu- 
mor in frontal sinus infection and in the walls of the 
maxillary sinus.’ This proceeded to form a large ab- 
scess cavity. 


No cervical spine or spinal epidural involvement 
was noted in our patient, but this has in the past been 
reported to be a sequela of osteomyelitis of the skull 
base.! Bacterial infection of the cancellous bone of 
the skull originating from the paranasal sinuses usual- 
ly involves the cranial vault, as was demonstrated in 
our patient. Additionally, the observed cavity within 
the clivus allowed a pathway to the epidural space 
and thus development of meningitis. 


Typically, patients with this type of disease pro- 
cess are immunosuppressed or diabetic, and thus, a 
fungal causation should be considered. Pseudomo- 
nas aeruginosa is the organism most commonly re- 
sponsible in malignant otitis externa, and Staphylo- 
coccus aureus is that most commonly involved in 
sphenoid sinusitis and spinal epidural abscesses.!-3.6 
Infectious diseases of the sphenoid sinuses usually 
occur in conjunction with infections of other parana- 
_ sal sinuses. It is interesting that in this patient H in- 
fluenzae was cultured from the cerebrospinal fluid, 
and coagulase-negative Staphylococcus was cultured 
from the clivus abscess. The H influenzae had prob- 
ably been eradicated with secondary Staphylococ- 
cus overgrowth, as is common. The possibility of 
coagulase-negative Staphylococcus being a contami- 
nant is unlikely. 


Complications related to sphenoid sinusitis and 
skull base osteomyelitis include orbital cellulitis and 
abscess, orbital apex syndrome, superior orbital fis- 
sure syndrome, hypopituitarism, cavernous sinus 
thrombosis, carotid artery thrombosis, meningitis, 
epidural abscess, and Gradenigo’s syndrome.® For- 
tunately for our patient, no neurologic or vascular se- 
quelae occurred, probably because of the prompt, 
appropriate therapy instituted by the referring otolar- 
yngologist and surgical drainage. 


In the past, single photon emission computed to- 
mography (SPECT) was felt to be excellent in local- 
izing the disease, and gallium scintigraphy, in detect- 
ing resolution.* More recently, MRI has been felt to 


be superior for evaluation of the clivus, due to its 
multiplanar capabilities and the lack of beam-hard- 
ening artifact seen on CT, thus providing for better 
anatomic detail. However, high-resolution CT plays 
an invaluable role for bone changes involving the 
sinus and skull base, and therefore, high-resolution 
CT and MRI are complementary to each other for 
such disease involvement. In our patient, the sinus 
CT images clearly demonstrated ethmoid and sphe- 
noid sinus disease along with a lytic process involv- 
ing the clivus and petrous apices (Fig 1). A muco- 
cele with underlying sinusitus could be considered, 
but is unlikely, due to the acute infectious presenta- 
tion, the irregularity of the skull base bone changes, 
and the fact that the abscess fluid was not isodense 
in comparison to the cerebrospinal fluid. 


Management consists of medical and surgical 
treatment. Medical management for P aeruginosa 
usually requires a 2-week to 6-month course of in- 
travenous antibiotics consisting of an antipseudo- 
monal penicillin along with an aminoglycoside or a 
third-generation cephalosporin.’ More recently, flu- 
oroquinolones have been found to play a role, with 
subsequent oral treatment following an intravenous 
antibiotic regimen.’ Infections involving Staphylo- 
coccus usually require intravenous vancomycin. An- 
other treatment modality consists of hyperbaric oxy- 
gen as a possible adjunct, as well.’ In this patient, a 
most important aspect of her treatment was the surgi- 
cal drainage of the abscess, and since her symptoms 
clinically improved, oral antibiotics were appropri- 
ate after a week’s duration of appropriate intrave- 
nous antibiotics, since there was no evidence of im- 
munosuppression or neurologic sequelae. 


Multiple surgical approaches exist, including trans- 
nasal, transoral, and sublabial-transseptal approach- 
es, bilateral Le Fort I osteotomies, a transpalatal-trans- 
oral approach, external ethmoidectomy with func- 
tional endoscopic sinus surgery and sphenoidotomy, 
Fisch infratemporal fossa approaches consisting of 
types A, B, and C, and a lateral skull base approach 
with or without petrous apicectomy.!°-!2 The trans- 
oral approach was used in our patient, primarily be- 
cause it was simple and provided the most direct ac- 
cess to the abscess, due to the large amount of in- 
volvement of the clivus. 
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COMPARATIVE ROLE OF PEPTIDE LEUKOTRIENES AND 
HISTAMINE IN THE DEVELOPMENT OF NASAL MUCOSAL 
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To evaluate the importance of histamine and peptide leukotrienes (LTs) in the development of nasal mucosal swelling in nasal 
allergy, Hi receptor antagonist (mequitazine, 6 mg, in 2 divided doses, Rhéne-Poulenc Rorer, France) and LT receptor antagonist 
(ONO-1078, pranlukast, 450 mg, in 2 divided doses, Ono Pharmaceutical Co, Ltd, Osaka) were administered orally for 7 days to 16 
subjects with perennial nasal allergy to house dust mites, and the effects of receptor blockers of these chemical mediators on the 
effective cross-sectional area of the nasal cavity (ECA) at rest, at exercise load, at antigen challenge, and at exercise load following 
antigen challenge were studied. After the administration of Hi receptor antagonist, ECAs at all measurement points slightly in- 
creased, but no statistical significance was observed. On the other hand, LT receptor antagonist inhibited ECAs 10 minutes after 
exercise load, just after the end of antigen challenge, 10 minutes later, and at exercise load following antigen challenge with statis- 
tical significance. These results suggest that LTs are involved markedly, and histamine slightly, in the development of nasal mucosal 


swelling in nasal allergy. 


KEY WORDS — Hı receptor antagonist, nasal allergy, nasal mucosal swelling, peptide leukotriene receptor antagonist. 


INTRODUCTION 


Among nasal hyperreactive symptoms in nasal al- 
lergy, sneezing is caused by a respiratory reflex initi- 
ated by stimulation of substance P (SP) and calcito- 
nin gene-related peptide (CGRP)—immunoreactive 
nerve endings distributed in the nasal mucosa.! When 
various chemical mediators were applied on the na- 
sal mucosa, only histamine could cause significant 
sneezing, and capsaicin treatment, which depletes 
SP and CGRP from these nerve endings, inhibited 
sneezing caused by antigen and histamine challenge 
on the nasal mucosa significantly both in subjects 
with hyperreactive nasal symptoms* and in a guinea 
pig model of nasal allergy.* Nasal hypersecretion is 
caused mainly by a parasympathetic nerve reflex that 
starts with sensory stimulation by histamine, and is 
only partially caused by plasma extravasation in- 
duced by direct effects of chemical mediators.>-6 


On the other hand, nasal mucosal swelling in na- 
sal allergy, which consists of dilatation of the capac- 
itance vessels and plasma extravasation, is caused 
mainly by direct effects of various chemical media- 
tors on the nasal vasculature, and partially by indi- 
rect effects of chemical mediators mediated by para- 
sympathetic nerve reflexes (Numata et al, unpub- 
lished observations) and topical reflexes.7.8 


However, the comparative importance of various 


chemical mediators in causing nasal vascular respons- 
es has not been clarified. 


Recently, a potent and pure receptor antagonist to 
leukotrienes (LTs; ONO-1078, pranlukast, Ono Phar- 
maceutical Co, Ltd, Osaka)? became available for 
clinical trials. The present study was designed to 
study the roles of LTs and histamine in the develop- 
ment of nasal mucosal swelling in nasal allergy by 
evaluating the effects of the LT receptor antagonist 
ONO-1078 and those of the H1 receptor antagonist 
mequitazine (Rhéne-Poulenc Rorer, France) on mu- 
cosal swelling in subjects with nasal allergy. 


As nasal mucosal swelling in patients with nasal 
allergy is subjected markedly not only to nasal vascu- 
lar reactions to chemical mediators, but also to sym- 
pathetic excitation in daily life, the effects of Hi and 
LT receptor antagonists on nasal mucosal swelling 
at rest, at exercise, at antigen challenge, and at exer- 
cise following antigen challenge were investigated. 


SUBJECTS AND METHODS 
SUBJECTS 


The subjects were 32 patients with perennial na- 
sal allergy to house dust and mites (20 males, 12 fe- 
males, ages 14 to 44, average age 22). The severity 
of the nasal allergy symptoms was more than mod- 
erate as classified by Okuda’s criteria.!° 
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Exercise Load Antigen Challenge 


min 10 min 


D_i asl 
At Rest Just After 10 min 30 min At the End 
Exercise Later Later of Antigen 
Challenge 
SCHEDULE OF STUDY 


First, the symptoms during the 1-week observa- 
tion period were checked by a nasal allergy diary. 
As shown in Fig 1, after a 1-hour rest, nasal airway 
resistance (NAR) at rest was measured. 


The Stress Test System ML-8000 and Treadmill 
L10 (Fukuda Electronics, Japan), programmed to ad- 
just the volume to 2.7, 3.0, or 3.4 km/h, depending 
on age and sex, was used for 10 minutes. The NAR 
was measured just after exercise and 10 minutes and 
30 minutes after exercise. 


At 30 minutes after the end of exercise, antigen 
challenge was performed for 10 minutes, and the 
NAR was measured just after the end of antigen chal- 
lenge and 10 minutes later. At 10 minutes ater the 
end of antigen challenge, 10 minutes of exercise un- 
der the same conditions as before was performed, 
and the NAR was measured right after the exercise 
load and 30 minutes later. 


Antigen challenge was performed on the bilateral 
inferior turbinates for 10 minutes using 2 antigen 
disks containing house dust with 2 to 5 ug >rotein 
nitrogen and 7.7 to 12 ug total nitrogen per disk, 
prepared by Torii Pharmaceutical Co. 


The amount of nasal secretion was meastred by 
the tissue paper method, and the frequency of sneez- 
ing paroxysms was counted for 10 minutes during 
antigen challenge. 


For measurement of NAR, Rhinomanometer MRP- 
2200 (Nihon Kohden, Japan) was used, and the ef- 
fective cross-sectional area of the nasal cavity (ECA) 
was calculated from a pressure-flow volume curve 
obtained by the posterior method in accordance with 
the one mentioned in our previous reports.!! 


To evaluate the effects of each therapy on the de- 
gree of hyperreactive nasal symptoms during daily 
life, the frequency of attacks of sneezing, frequency 
of nose blowing, and nasal obstruction score were 
recorded daily according to Okuda’s criteria!” in the 


10 min Just After 
Later 
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Fig 1. Time schedule for measur- 
ing nasalairwayresistance (NAR). 
Following 1-hour rest, NAR at 
rest was measured. Then NAR 
was measured just after 10-min- 
ute exercise, and 10 minutes and 
30 minutes after exercise. At 30 
minutes after exercise, antigen 
challenge for 10 minutes was per- 
formed and NAR was measured 
at end of antigen challenge and 
10 minutes later. At 10 minutes 
following end of antigen chal- 
lenge, 10-minute exercise was 
loaded and NAR was measured 
right after and 30 minutes later. 


Exercise Load 
0 min 


30 min 


Exercise Later 


allergy diary, starting 1 week before the therapy and 
going until the end of therapy. A score between 0 
and 9 was given daily, depending upon the degree of 
nasal obstruction. 


Then, 6 mg/d of mequitazine, which is an H1 re- 
ceptor antagonist, was orally administered in 2 divid- 
ed doses for 7 days, and on the last day of administra- 
tion, antigen challenge and exercise load were per- 
formed in accordance with the same schedule as that 
before therapy, and time-course changes in NAR 
were measured. 


Second, after a 3-week washout period, 450 mg/d 
of LT receptor antagonist (ONO-1078, pranlukast) 
was orally administered in 2 divided doses for 7 days, 
and exercise load, antigen challenge, and NAR mea- 
surements were performed before and after the ther- 
apy in a time-course manner in accordance with the 
same schedule as before. 


STATISTICAL METHODS 


The results of each measurement were expressed 
as mean + SD, and the effectiveness of each therapy 
was evaluated by comparing before and after therapy 
symptom scores in the nasal allergy diary, the num- 
ber of sneezes, and the weight of nasal discharge 
observed during a 10-minute antigen challenge and 
the ECA values during the time course of rest, exer- 
cise load, and antigen challenge. Analysis of vari- 
ance and paired t-test were used for statistical analy- 
Sis. 


RESULTS 


TIME COURSE CHANGES IN ECA BY EXERCISE LOAD 
AND ANTIGEN CHALLENGE BEFORE ADMINISTRA- 
TION OF Hı RECEPTOR ANTAGONIST 

After a 10-minute exercise load, the ECA in- 
creased by 0.153 + 0.090 cm2, and it went from L1 
(before the exercise load) to L2, as shown in Fig 2. 
At the end of exercise, the ECA rapidly decreased 
for the first 10 minutes (L3), gradually decreased af- 
terward, and returned in 30 minutes to almost the 
same value (L4) as L1. 
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Fig 2. Time course changes in effective cross-sec- (cm?) 
tional area of nasal cavity (ECA) induced by exer- 07 
cise load, antigen challenge, and exercise load fol- 
lowing antigen challenge. After 10-minute exer- 
cise load, ECA increased from Li to L2. Along 
with end of exercise, ECA rapidly decreased for 
first 10 minutes, gradually decreased afterward, 
and returned 30 minutes later to almost same value 
(LA) as one before exercise load (L1). Antigen chal- 
lenge at this point decreased ECA from L4 to L6 
in 20 minutes. Exercise load at 10 minutes follow- 0.3 
ing end of antigen challenge increased ECA from 

Lé to L7. ECA at L7 was approximately same as or 0.2 
slightly above ECA value before antigen challenge 

(L4). Increases of ECA from L1 to L2 (A) and L6 0.1 
to L7 (B) indicate norepinephrine-dependent con- 

striction of capacitance vessel, and difference of 

ECA at L2 and L7 (C) was assumed to indicate 
norepinephrine-refractory dilatation of capacitance 

vessel and interstitial edema caused by chemical 
mediators. 


ECA 






When the antigen challenge was performed at this 
point, ECA decreased by 0.171 + 0.091 cm? (L4 to 
L6) and reached the level of L6 10 minutes after the 
end of antigen challenge. At this point, exercise was 
loaded under the same condition as before antigen 
challenge; then ECA increased from L6 to L7 by 
0.186 + 0.108 cm? in 10 minutes, and the ECA after 
exercise load (L7) was approximately the same as or 
slightly above the value of the ECA before antigen 
challenge (L4). Namely, the decrease in ECA after 
antigen challenge was almost compensated by the 
increase in ECA after exercise load. However, the 
ECA at exercise load after antigen challenge (L7) 
did not reach the level of the ECA 10 minutes after 
the first exercise load (L2), and a difference of 0.148 
+ 0.094 cm? was observed between L2 and L7. 


CHANGES IN NASAL MUCOSAL REACTION AFTER 
ORAL ADMINISTRATION OF Hi RECEPTOR ANTAGO- 
NIST 


Nasal Mucosal Swelling. The ECAs (in square cen- 
timeters; tSD) before administration of mequitazine 
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at Li, L2, L3, L4, L5, L6, L7, and L8 were 0.374 + 
0.132, 0.524 + 0.123, 0.401 + 0.160, 0.361 + 0.141, 
0.245 + 0.120, 0.190 + 0.108, 0.376 + 0.127, and 
0.322 + 0.151, respectively, and the ECAs (in square 
centimeters) after therapy were 0.391 + 0.143, 0.528 
+0.124, 0.433 + 0.147, 0.402 + 0.145, 0.293 + 0.119, 
0.254 + 0.105, 0.419 + 0.137, and 0.378 + 0.117, 
respectively (Fig 3). 

The degrees of decrease in ECA by antigen chal- 
lenge (L4 to L6) were 0.171 + 0.091 cm? and 0.148 
+ 0.107 cm? before and after administration of me- 
quitazine, respectively, showing a slight inhibition 
of decrease in ECA by antigen challenge. The ECAs 
after therapy, at rest (L1), at exercise load (L2), at 
antigen challenge (L6), and at exercise load after an- 
tigen challenge (L7) slightly increased, as shown in 
Fig 3. However, no statistically significant differ- 
ence was observed between ECA levels before and 
after the therapy at any point. The differences be- 
tween ECA after exercise load following antigen 
challenge (L7) and ECA at the first exercise load (L2) 
were 0.148 + 0.094 cm? and 0.109 + 0.078 cm? be- 


Fig 3. Effects of mequitazine on time course 
changes in ECA induced by exercise load, antigen 
challenge, and exercise load following antigen 
challenge. Mequitazine increased ECA at each 
point of measurement. However, any increases in 
ECA values were not statistically significant. De- 
gree of norepinephrine-refractory swelling of na- 
sal mucosa induced by antigen challenge decreased 
significantly (p < .05) after therapy. Open circles 
— ECA before therapy; filled circles — ECA af- 
ter therapy; * — p < .05. 
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Later 
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TABLE 1. EFFECTS OF MEQUITAZINE AND ONO-1078 ON FREQUENCY OF SNEEZING AND AMOUNT OF 
RHINORRHEA INDUCED BY ANTIGEN CHALLENGE 








Evaluation of Hyperreactive 





Nasal Symptoms Before Therapy After Therapy p 
Mequitazine Frequency of sneezing in 10 min 7.69 = 9.64 4.84 + 6.66 p<.05 
Amount of rhinorrhea in 10 min (g) 2.07 = 0.95 1.71 +0.80 p<.05 
ONO- 1078 Frequency of sneezing in 10 min 10.06 + 12.60 6.93 + 5.64 NS 
Amount of rhinorrhea in 10 min (g) 2.18 £0.99 2.03 + 0.98 NS 


Data are mean + SD. 
NS — nonsignificant. 





fore and after therapy, respectively, showing a sig- 
nificant decrease (p < .05) with the administration 
of mequitazine. 


Number of Sneezing Paroxysms and Weight of Na- 
sal Discharge at Antigen Challenge. The number of 
sneezing attacks significantly decreased (p < .05), 
from 7.69 + 9.64 before therapy to 4.84 + 6.66 after 
therapy. The weight of nasal discharge also signif- 
icantly decreased (p < .05), from 2.07 + 0.95 g be- 
fore therapy to 1.71 £0.80 g after therapy (Table 1). 


Sneezing, Nasal Discharge, and Nasal Obstruc- 
tion Score in Nasal Allergy Diary. The degree of 
hyperreactive nasal symptoms in the 2 days just be- 
fore starting therapy was compared with that in the 
last 2 days before finishing therapy. The mean num- 
ber of sneezing paroxysms per day significantly de- 
creased (p < .05), from 2.83 = 2.24 before therapy to 
2.01 + 1.45 after therapy. The number of nose- 
blowings per day significantly decreased (p < .05), 
from 5.67 + 3.22 before therapy to 4.36 + 3.12 after 
therapy. On the other hand, the score of nasal ob- 
struction (daily average) was 5.10 + 1.98 before 
therapy and 5.01 + 2.04 after therapy, showing no 
significant improvement by therapy (Table 2). 
CHANGES IN NASAL MUCOSAL REACTION AFTER 
ORAL ADMINISTRATION OF LT RECEPTOR 
ANTAGONIST 

Nasal Mucosal Swelling. The ECAs (in square 
centimeters) before administration of ONO-1078 at 
L1, L2, L3, L4, L5, L6, L7, and L8 were 0.354 + 0.172, 
0.525 + 0.137, 0.376 + 0.156, 0.354 + 0.164, 0.234 
+ 0.130, 0.183 + 0.116, 0.357 + 0.120, and 0.316 + 


0.173, respectively. The ECAs (in square centime- 
ters) after therapy were 0.413 + 0.130, 0.568 + 0.155, 
0.464 + 0.109, 0.411 + 0.125, 0.315 + 0.101, 0.256 
+ 0.092, 0.448 + 0.143, and 0.376 + 0.109, respec- 
tively. 


As shown in Fig 4, ONO-1078 increased the ECA 
10 minutes after exercise load, just after and 10 min- 
utes after antigen challenge, and at exercise load af- 
ter antigen challenge with statistical significance. 


Number of Sneezing Paroxysms and Weight of Na- 
sal Discharge at Antigen Challenge. The number of 
sneezing paroxysms decreased, from 10.06 + 12.60 
before therapy to 6.93 + 5.64 after therapy, and the 
weight of nasal discharge decreased, from 2.18 + 0.99 
g before therapy to 2.03 + 0.98 g after therapy. How- 
ever, these changes were not significant (Table 1). 


Sneezing, Nasal Discharge, and Nasal Obstruc- 
tion Score in Nasal Allergy Diary. The number of 
nose-blowings per day decreased, from 5.59 + 3.58 
before therapy to 4.06 + 2.80 after therapy, and the 
nasal obstruction score (daily average) decreased, 
from 5.29 + 1.21 before therapy to 3.89 + 1.35 after 
therapy. The number of nose-blowings and the nasal 
obstruction score showed significant improvement 
after therapy (p < .01; Table 2). The number of parox- 
ysms of sneezing per day was 2.74 + 3.03 before 
therapy and 1.92 + 1.95 after therapy, showing no 
significant change. 


DISCUSSION 


After single antigen challenge on the nasal muco- 


TABLE 2. EFFECTS OF MEQUITAZINE AND ONO-1078 ON HYPERREACTIVE NASAL SYMPTOMS EVALUATED 











BY NASAL ALLERGY DIARY 
Evaluation of Hyperreactive 
Nasal Symptoms Before Therapy After Therapy p 

Mequitazine Frequency of sneezing per day 2.83 + 2.24 2.01 + 1.45 p<.05 

Frequency of nose-blowing per day 5.67 + 3.22 4,36 £3.12 p<.05 

Degree of nasal obstruction (average score for day) 5.10 + 1.98 5.01 + 2.04 NS 
ONO-1078 Frequency of sneezing per day 2.74 + 3.03 1.92 +1.95 NS 

Frequency of nose-blowing per day 5.59 + 3.58 4.06 + 2.80 p<.01 

Degree of nasal obstruction (average score for day) 5.29 + 1.21 3.89 + 1.35 p<.0l 


Data are mean + SD. 











Numata et al, Leukotrienes & Nasal Mucosal Swelling 


Fig 4. Effects of ONO-1078 on time course 
changes in ECA induced by exercise, antigen chal- 
lenge, and exercise load following antigen chal- 
lenge. ONO-1078 increased ECA significantly at 
10 minutes after exercise load, just after and 10 
minutes following end of antigen challenge, and 
just after exercise load following antigen chal- 
lenge. Open circles — ECA before therapy; filled 
circles — ECA after therapy; | —p<.1;*—p< 
05; ** — p < .01; NS — nonsignificant. 


ECA 


sa in subjects with nasal allergy, various chemical 
mediators are released in the nasal mucosa.!2"!5 Ex- 
tensive studies have been performed on the vascular 
effects of individual chemical mediators in the lower 
airway, nasal mucosa, and skin.!6-23 However, the 
comparative importance among various chemical 
mediators in causing nasal vascular responses has 
not been clarified. 


When the relative ability to cause relaxation of 
the nasal mucosa in a guinea pig model of nasal al- 
lergy was compared among various bioactive sub- 
stances released in the nasal mucosa after antigen 
challenge by a bioassay method that evaluates the 
degree of muscular relaxation of the capacitance ves- 
sel, LTD4 was the most potent, followed by hista- 
mine, prostaglandin D2 (PGD2), platelet activating 
factor (PAF), and thromboxane A2 on an equimolar 
basis (Hanazawa et al, unpublished observations). 


When the relative ability of chemical mediators 
applied to the nasal mucosa in subjects with perennial 
nasal allergy to cause mucosal swelling was com- 
pared among histamine, LTD4, and PAF, LTD4 was 
the most potent, followed by PAF and histamine. The 
ability of LTD4 to cause a significant increase of 
NAR was 8 times as potent as that of histamine.® 
However, when the amounts of chemical mediators 

‘released in the nasal lavage after antigen challenge 
were compared, histamine was most abundant, fol- 
lowed by peptide LTs (LTC4, LTD4, and LTE4). Dur- 
ing the immediate phase reaction after antigen chal- 
lenge, the amounts of histamine and LTs observed 
in the nasal lavages were in a ratio of 143:1 by mo- 
lar concentration. 15 


In this study, the comparative importance of hista- 
mine and LTs in the development of nasal mucosal 
swelling in nasal allergy was evaluated by means of 
an Hi receptor antagonist, mequitazine, and an LT 
receptor antagonist, ONO-1078, which became avail- 
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able for clinical trial recently. 


Nasal mucosal swelling consists of both dilata- 
tion of smooth muscle of the capacitance vessels and 
plasma extravasation from the postcapillary venules 
induced by chemical mediators. 


The vascular tonus of the nasal mucosa is also af- 
fected by sympathetic excitation in daily life. Nasal 
mucosal shrinkage observed on exercise or psychic 
stimulation is caused by vascular contraction induced 
by norepinephrine released from the sympathetic 
nerve terminals in the nasal mucosa.!!.24 


In this study, 7-day administration of H1 receptor 
antagonist reduced sneezing and nasal discharge in- 
duced by antigen with statistical significance, and 
the inhibitory effect on sneezing and nasal discharge 
evaluated according to a nasal allergy diary was also 
significant. Oral administration of H1 receptor antag- 
onist increased ECAs slightly at rest under natural 
exposure to antigen and after antigen challenge. 
However, these changes were not significant. Nasal 
mucosal swelling as an immediate reaction reaches 
a plateau about 30 minutes after antigen challenge.® 
When, however, exercise was performed 10 minutes 
after the end of antigen challenge, the ECA returned 
to almost the same value as that before antigen chal- 
lenge within 10 minutes. The increase in ECA by 
exercise load after antigen challenge was signifi- 
cantly larger than that with exercise load only. This 
may suggest that norepinephrine released from sym- 
pathetic nerve terminals partially reduced the relax- 
ation of the smooth muscle of the capacitance ves- 
sels induced by chemical mediators. 


However, the ECA at exercise load after antigen 
challenge did not reach the level observed at exer- 
cise load only. This difference is considered to indi- 
cate the degrees of norepinephrine-refractory inter- 
stitial edema and of norepinephrine-refractory relax- 
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ation of capacitance vessel smooth muscle induced 
by chemical mediators. This value significantly de- 
creased after oral administration of an H1 receptor 
antagonist (p < .05). Oral administration o7 an LT 
receptor antagonist for 1 week did not have any sig- 
nificant effect on sneezing or the amount of nasal 
discharge at antigen challenge. However, it increased 
the ECA value at 10 minutes after exercise load, and 
also that just after exercise following antigen chal- 
lenge, and inhibited the decrease in ECA 10 minutes 
and 20 minutes after antigen challenge with statisti- 
cal significance. Also, ECA at rest indicating nasal 
mucosal vascular reaction to natural provocation 
showed a tendency to increase after administration 
of ONO-1078 (p < .1). These results suggest that 
LTs are involved markedly, and histamine only slight- 
ly, in the development of nasal mucosal swelling in 
nasal allergy. 


According to the nasal allergy diary, the LT recep- 
tor antagonist not only significantly improved nasal 
obstruction, but also the number of nose-blcwings, 
and although the clinical significance of LTs in na- 
sal secretions observed by nasal allergy diary should 
be further clarified,2> improvement in nasal patency 


may have a role in part of this effect. 


CONCLUSION 


Oral administration of H1 receptor antagonist (me- 
quitazine) for 7 days significantly inhibited sneez- 
ing and hypersecretion or nasal discharge induced 
by antigen. 


The ECAs at rest indicating natural provocation 
status and status at exercise load, at antigen chal- 
lenge, and at exercise load after antigen challenge 
were slightly reduced by oral administration of H1 
receptor antagonist, with no significant difference. 


On the other hand, oral administration of an LT 
receptor antagonist (ONO-1078, pranlukast) for 7 
days increased the ECA 10 minutes after exercise 
load, 10 minutes and 20 minutes after antigen chal- 
lenge, and at exercise following antigen challenge, 
with statistical significance. 


The results of this study suggest that LTs are in- 
volved greatly, and histamine only slightly, in the 
development of nasal mucosal swelling in nasal al- 


lergy. 
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DELAYED IRRADIATION EFFECTS ON NASAL EPITHELIUM IN 
PATIENTS WITH NASOPHARYNGEAL CARCINOMA 


AN ULTRASTRUCTURAL STUDY 
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The ostiomeatal complex is responsible for the clearance of most sinus secretions. To evaluate the delayed effects of irradiation, 
this study examined the infundibulum mucosa of 10 patients who developed sinusitis after receiving radiotherapy for nasopharyn- 
geal carcinoma (NPC). Pathologic findings under the light microscope revealed an increased deposition of dense collagenous fibers 
in the lamina propria. The epithelial cells also transformed into a stratified arrangement and showed gradual reduction of cytoplas- 
mic volume. Ultrastructural observations detected areas of ciliary loss, intercellular and intracellular vacuolation, and ciliary 
dysmorphism. Most of these pathologic findings were observed even in a patient 23 years after irradiation. The results presented 
herein suggest that radiotherapy may cause long-term damage to the nasal epithelium that may be responsible for the prolonged 


sinusitis of irradiated NPC patients. 


KEY WORDS — electron microscopy, irradiation, nasopharyngeal carcinoma, sinusitis. 


INTRODUCTION 


The incidence of nasopharyngeal carcinoma 
(NPC) is significantly higher in Taiwan than in West- 
ern countries, where cases are rarely seen.! Radio- 
therapy is the mainstay of treatment for NPC, de- 
spite complications that may arise from its use. Si- 
nusitis, which significantly decreases the quality of 
life for patients, is commonly diagnosed following 
irradiation. In the nasal cavity, the clearance of most 
sinus secretions is mediated by the ostiomeatal com- 
plex. Disease in this area hinders the normal muco- 
ciliary clearance and, subsequently, leads to the de- 
velopment of sinusitis.” Irradiation, the focus of this 
study, influences the mucociliary clearance by dam- 
aging the ciliary motility. In effect, the clearance of 
exudate and secretions is delayed. Otitis media with 
effusion (OME) is commonly found, as supported 
by animal experiments conducted to evaluate the 
acute effects of irradiation on the middle ear mu- 
cosa.35 


Previous studies have focused primarily on the cor- 
relation between irradiation and OME, with only lim- 
ited attention given to the effects of irradiation on 
the pathogenesis of sinusitis. One should note that 
the middle ear mucosa and the nasal mucosa of the 
NPC patient are inadvertently exposed to different 
doses of irradiation during the treatment course. Such 


exposure may lead to differences in the effects of 
irradiation between these two sites. Thus, the present 
study was designed to examine the delayed effects 
of irradiation on the mucociliary system of the nasal 
infundibulum mucosa in patients with NPC. 


SUBJECTS AND METHODS 


Ten previously irradiated NPC patients who later 
received endoscopic choanoplasty for posterior cho- 
anal stenosis relief were enrolled in this study. Fol- 
lowing the removal of the infundibulum mucosa ly- 
ing between the uncinate process and the medial wall 
of the maxillary sinus, the specimen was immedi- 
ately fixed in Karnovsky’s fixative at 4°C overnight. 
After thorough washing in 0.1 mol/L phosphate buf- 
fered saline (PBS, pH 7.4), the samples were cut with 
a vibratome into 100-um-thick sections and post- 
fixed in 1% osmium tetroxide. The post-fixed speci- 
mens were washed in PBS for several changes, rinsed 
in maleate buffer (pH 5.2), and then stained en bloc 
with uranyl acetate in maleate buffer at 4°C for 1 
hour. The samples were then dehydrated in a series 
of increasing concentrations of acetonitrile and em- 
bedded in Epon.® Thick sections of 1 um were made 
and stained with toluidine blue, and proper areas of 
sectioning were selected. Thin sections (70 to 90 nm) 
of the selected area were grid-stained with lead cit- 
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Fig 1. Light micrographs of infundibulum 
mucosa (toluidine blue stain). B — basal 
cells, bars — 5 um. A) Normal. B) (Case 1) 
0.8 years after irradiation. C) (Case 5) 4 
years after irradiation. D) (Case 9) 10.6 
years after irradiation. E) (Case 10) 23 years 
after irradiation. 


rate. Specimens were viewed on a Hitachi H-7100 
transmission electron microscope. 


Control samples consisted of infundibulum muco- 
sa from 2 groups of subjects: group | included 3 sub- 
jects who had no previous history of sinusitis and 
received septoplasty for their nasal septal deviation; 
group 2 included 3 patients with chronic sinusitis. 
The clinical history and radiologic findings of the 





Fig 2. Electron micrograph of normal infundibular epithe- 
lium. D — dark cell, G — goblet cells, bar — 2 um. 





patients with sinusitis were similar to those of the 
irradiated patients. These samples were collected and 
processed in the same manner as stated above. No 
subjects in the control group had prior exposure to 
irradiation. The above procedures were performed 
with the consent of the patients. 


RESULTS 


The infundibular mucosae of 10 irradiated NPC 
patients were collected in this study. The patients’ 
mean age at the time of biopsy was 45 years (range 
28 to 70 years), and the male-to-female ratio was 
7:3. The average irradiation doses to the nasophar- 
ynx and infundibulum were 73 Gy (range 70 to 80 
Gy) and 21 Gy (range 17.5 to 25 Gy), respectively, 
and the mean interval between irradiation and biop- 
sy was 5.9 years (range 0.8 to 23 years). All patients 
suffered from symptoms of sinusitis; 4 received com- 
puted tomography and showed radiologic confirma- 
tion of sinusitis. 


The normal infundibular mucosa consists of pseu- 
dostratified columnar epithelium with numerous gob- 
let cells. The lamina propria of this mucosa was 
loosely arranged (Fig | A). Following irradiation, the 
lamina propria showed an increase in deposition of 
dense collagenous fibers (Fig 1B). The cytoplasmic 
volume was gradually reduced, and the metaplasia 
of the epithelial cells assumed a stratified arrange- 
ment (Fig 1C-E). 


Ultrastructurally, 2 types of ciliated cells could be 
noted on normal infundibular epithelium according 
to their electron density. The dark cells, which con- 
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stituted most of the epithelial cells, had a cylindrical 
appearance and a relatively slender nucleus (Fig 2). 
The light cells, in contrast, were relatively few in 
number and were ovoid in shape, with a round nu- 
cleus. They could be differentiated from goblet cells 
by the apical accumulation of mitochondria and the 





Fig 3. Electron micrograph of normal infundib- 
ular epithelium. D — dark cell, L — light cell, 
m — mitochondria. bar — 2 um. 


lack of secretory granules (Fig 3). In the specimens 
of chronic sinusitis, areas of epithelial sloughs and 
ciliary loss could be frequently identified (Fig 4A). 
Expansion of intercellular spaces and intracellular 
vacuolations were also seen (Fig 4). Compound cilia 
could be noted occasionally, but supernumerary mi- 
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Fig 4. Electron micrographs of infundibular epithelium of chronic sinusitis patients. Bars — 5 um. A) Expansion of 
intercellular spaces (asterisks) and loss of cilia (arrows). D — dark cell. B) Intracellular vacuolations (arrowheads) and 
swelling of microvilli (arrow), L — light cell. 
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Fig 5. Intercellular and intracellular vacuolation was 
common finding after irradiation. Bars — 5 um. A) In- 
tercellular vacuolation (asterisks). B) Intracellular vacu- 
olation (arrowheads) and compound cilia (arrows). 


crotubules were not found in this study group. 


After irradiation, marked intercellular and intra- 
cellular vacuolation was observed in most of the sam- 
ples examined (Fig 5). Loss of cilia, which occurred 
mainly in the light cells, and sporadic falloff of the 
epithelial cells were also noted (Fig 6A). Further- 
more, ciliary dysmorphism was clearly seen in ar- 
eas of severely vacuolated epithelial cells (Fig 6B,C), 
where the presence of compound cilia (Fig 7A) ex- 


Fig 6. Areas of ciliary loss and dys- 
morphism. Bars — | um. A) Ciliary loss 
occurs more frequently in light cells (L) 
than in dark cells (D). m — mitochon- 
drion. B) Arrows indicate dysmorphic 
cilia above severely vacuolated cells. C) 
Higher magnification shows compound 
cilia (arrowheads) originating from top 
of epithelial cell. b — basal body. 


ceeded that of supernumerary microtubules (Fig 
7B.C). The microvilli, however, seemed more resis- 
tant to irradiation (Fig 8). Their numbers increased 
relatively, even in areas of ciliary degeneration, In 
both cases 9 and 10 of our study, the postirradiation 
interval surpassed 10 years; although cellular vacuo- 
lation was not observed in these cases, marked hyper- 
plasia of the light cells was noted (Fig 9), and ciliary 
dysmorphism was also found. The Table summarizes 
the patients’ basic information and ultrastructural 
findings. 


DISCUSSION 


Previous studies involving the middle ear mucosa 
have reported that irradiation induces acute effects, 
including vacuolation of ciliated cells, appearance 
of compound cilia, expansion of intercellular spaces, 
hyperreactivity of secretion, and stromal edema.** 
Another report evaluates the delayed effects on 6 pa- 
tients at 6 to 11 months following irradiation; these 
included reduction of cytoplasmic mass, variable de- 
grees of ciliary loss, and widened intercellular spaces.” 
The present study focused on the delayed effects of 
irradiation on the nasal epithelium; our results are 
quite compatible with these prior findings. The nor- 
mal nasal epithelium is composed of 4 main cell 
types: ciliated epithelial cells, nonciliated epithelial 
cells, goblet cells, and basal cells.* These cells are 
arranged in a pseudostratified pattern on an under- 
lying basement membrane. Our data suggest that cili- 
ated cells can be classified into dark and light cells 
according to their electron density. In the control 
group, most of the epithelial cells examined were 
dark cells. Nonciliated epithelial cells were very few 
in number in the infundibulum area. After irradia- 
tion, intercellular and intracellular vacuolation were 





478 Lou et al, Delayed Irradiation Effects on Nasal Epithelium 





common. Areas of epithelial sloughing and ciliary 
loss were also frequently observed in our patients. 
However, intercellular or intracellular vacuolation 
was not noted in the 2 patients who survived beyond 
10 years following radiotherapy. On the other hand, 
marked hyperplasia of the light cells could easily be 
observed in those 2 cases. The ciliary loss and cyto- 
plasmic derangement seemed to occur mostly on the 
light cells. The increased numbers of light cells in 
cases 9 and 10 thus may have been a result of pro- 
longed compensatory hyperplasia following irradia- 


ae 





Fig 8. Microvilli (v) seem to be more resistant than light 
cells to irradiation. Their numbers appeared to increase 
relatively after irradiation. Bar — 500 nm. 


Fig 7. Electron micrographs of dysmor- 
phic cilia cut in cross section. A) Com- 
pound cilia (arrows). Bar — 500 nm. B) 
Supernumerary single microtubules (ar- 
rowheads) outside 9 peripheral doublets. 
Bar — 100 nm. C) Supernumerary single 
microtubule (arrowhead) inside 9 pe- 
ripheral doublets. Bar — 100 nm. 


a T 
tion. The microvilli, on the other hand, seemed to be 


more resistant than light cells to the effects of irra- 
diation. 


Electron microscopy of normal cilia in cross sec- 
tion reveals a highly ordered configuration of 9 pe- 
ripheral pairs of microtubules surrounding a cen- 
tral microtubular doublet.’ Ciliary motility, conferred 
by bending motions of the ciliary shaft, is accom- 
plished by the sliding of the peripheral pairs of mi- 
crotubules.'° In addition, there is evidence to indi- 
cate that the mutual alignment of the central ciliary 
microtubules of adjacent cilia is integral to the main- 
tenance of beat synchrony.'! Dysfunction of the cilia, 
which can compromise mucociliary transport, has 
been related to a variety of ultrastructural defects 
such as compound cilia!? or supernumerary micro- 
tubules. '?-!5 The occurrence of atypical cilia in nor- 
mal human nasal mucosa is only about 4%.!? Fried- 
mann and Bird!+ and Takasaka et al!5 have stated that 
compound cilia are very rare in the nondiseased nose. 
Our data reveal that in areas of severely vacuolized 
epithelial cells, ciliary dysmorphism can easily be 
identified; compound cilia are the most frequently 
found. Additional single microtubules could also be 
noted both outside and within the 9 plus 2 complex. 
The finding of ciliary dysmorphism persisted even 
in the 2 patients who survived beyond 10 years fol- 
lowing radiotherapy. On top of the epithelium of the 
chronic sinusitis patients in the control study, com- 
pound cilia could be occasionally identified. Expan- 
sion of the intercellular spaces and intracellular vacu- 
olations could also be found. However, these find- 
ings were not as marked as those in the irradiated 
epithelium. On the basis of these results, we pro- 
pose that irradiation-induced ciliary dysmorphism 
may compromise mucociliary transport of the sinuses 
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Fig 9. (Case 10) Marked hyperplasia of ligh = 
cells is observed. Vacuolation is scarcely seen, 
Compound cilia (arrowheads) can be noted f 
above epithelial cells. Bar — 5 um. ( 


and result in sinusitis. However, chronic infection 
itself may also induce the formation of dysmorphic 
cilia,!516 which subsequently exacerbate the already 
hampered mucociliary transport. This, in effect, be- 
comes a vicious cycle in the pathogenesis of irradia- 
tion-induced sinusitis. 


Quality of life is of primary concern, even in can- 
cer patients. In the years before this study, we at- 
temped to treat the sinusitis of irradiated NPC pa- 
tients with functional endoscopic sinus surgery 
(FESS). Conceptually, the success of FESS is based 
on normal and healthy mucociliary transport. Com- 
promised mucociliary transport leads to poor surgi- 
cal results. The data of the present study suggest that 
irradiation-induced epithelial damage can persist as 
long as 23 years following radiotherapy, as seen in | 
of our patients. We have reason to believe that the 






mucociliary function is impaired in these patients. 
Thus, the effectiveness of FESS for the treatment of 
such cases should be reevaluated. 


In conclusion, we have demonstrated delayed ef- 
fects of irradiation on nasal epithelium in patients 
with NPC. The most notable difference from previ- 
ous reports is that we used a much more representa- 
tive definition of the “long-term” effects (average 
5.9 years after the initial treatment) of irradiation. 
Pathologic findings included epithelial metaplasia, 
deposition of collagen fibers on the lamina propria, 
reduced cytoplasmic volume of the epithelial cells, 
intercellular and intracellular vacuolation, epithelial 
sloughing, ciliary loss, and ciliary dysmorphism, The 
findings presented herein provoke reconsideration 
of current treatments of sinusitis in irradiated NPC 
patients. 


ULTRASTRUCTURAL CHANGES IN INFUNDIBULAR EPITHELIUM FOLLOWING IRRADIATION _ 

















Estimated 
Interval Since Irradiation 
Irradiation Dose to Cilia Dysmorphic 
Case Age Sex (y) Infundibulum (Gy) Loss Metaplasia Vacuolation Cilia 
1 32 M 0.8 18 + = Eeg + 
2 48 F 1.3 22 - + + 
3 42 M 1.5 17.5 = —* —* —# 
4 42 M 1.5 21 + = + + 
5 4l M a 22 + ~ = + 
6 70 Ẹ 4.5 22 + -* —* —* 
7 56 M 3 21 + + + 
8 55 Ẹ 6.5 21 + = o - 
9 28 M 10.6 25 + 7 - + 
10 37 M 23 22 - + - + 


*Severe fibrosis of epithelium. 
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The Epstein-Barr virus gene BHRF1 has homology with proto-oncogene bcl-2, which can protect cells from apoptosis. In order 
to investigate the effect of BHRF1 expression on the anti-apoptotic ability of nasopharyngeal carcinoma (NPC) cells after irradia- 
tion, a high-BHRF1 expression vector was constructed and transfected into the NPC cell line CNE2. Then, the alteration of prolif- 
eration and apoptosis in the cells was tested by flow cytometry after cobalt 60 irradiation. The results showed that BHRF1 expres- 
sion could increase G1 delay and decrease the cell percentage in S phase before irradiation, and reduce the apoptotic rate of CNE2 
cells and increase the cell percentage in S phase after irradiation. The results suggest that BHRF1 expression is able to alter the cell 


cycle and protect CNE2 cells from apoptosis induced by radiation. 


KEY WORDS — apoptosis, BHRF1 gene, radiation. 


INTRODUCTION 


Cells exposed to radiation may undergo death 
through apoptosis or mitotic inhibition. Apoptosis 
has also been reported in a variety of experimental 
tumor systems following therapeutic irradiation. But 
some factors, such as bcl-2, p53, and caffeine, can 
affect cell cycle redistribution and radiosensitivity. 
The bel-2 gene family is a molecular target by which 
radiation-induced apoptosis can be modulated. One 
feature of bcl-2 is its ability to block apoptosis in- 
duced by ionizing radiation. Down-regulation of bcl- 
2 is closely related to the appearance of DNA frag- 
mentation after exposure to ionizing radiation.! 


The BHRF1 of Epstein-Barr virus (EBV) is an 
immediate early protein that has homology with bel- 
2 oncogene.” In order to determine the effects of 
BHRFI expression on the anti-apoptotic ability of 
nasopharyngeal carcinoma (NPC) cells in vitro, we 
constructed a high-BHRFI1 expression vector, 
BHRF1-pcDNA3, and transfected it into the NPC 
cell line CNE2, a non-EBV genome subclone, and 
then irradiated it with cobalt 60 (©°Co) to test the 
alteration of proliferation and apoptosis in the cells. 


MATERIALS AND METHODS 


Plasmid Reconstruction of High-BHRF I Expres- 
sion Vector. The BHRF1-pSG5 (Dr Dawson, Brit- 





ain) and pcDNA3 were digested with XBal and EcoRI 
(Pharmacia). Fragments of BHRF1 and pcDNA3 
were collected and purified by agarose gel electro- 
phoresis, and ligated by T4 DNA ligase (Promega) 
at 14°C overnight. Then they were transformed to a 
competent JM109 host and selected with ampicillin 
sodium. Desired recombinants were selected by 
XBal and EcoRI digest analysis. 


Stable Transfection of BHRF1-pcDNA3 Plasmid 
by Liposome. In a 35-mm tissue culture plate, 1 x 
10° cells were seeded in 2 mL of RPMI 1640 with 
20% fetal calf serum and incubated at 37°C in a car- 
bon dioxide (CO2) incubator until about 80% con- 
fluent. In 1 test tube, 1 ug of BHRF1-pcDNA3 was 
diluted into 100 uL of serum-free medium, and in 
another test tube, 20 uL of liposome (Gibco Bio- 
Rad Laboratories) was diluted into 100 uL of se- 
rum-free medium. The 2 solutions were combined, 
mixed gently, and incubated at room temperature for 
45 minutes to allow DNA-liposome complexes to 
form. Then, 0.8 mL of serum-free medium was added 
to the tube containing the complexes. The diluted 
complex solution was mixed gently and overlaid onto 
the rinsed cells, and then incubated for 5 hours at 
37°C in a CO2 incubator. Following incubation, 1 
mL of complete growth medium containing twice 
the normal concentration of serum was added. The 
medium was replaced with fresh, complete medium 
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at 24 hours following the start of transfectioa. At 72 
hours after transfection, the CNE2 clones express- 
ing BHRF1 had generated with a suitable neoresis- 
tant gene. Stable, drug-resistant clones were selected 
and isolated in medium containing 400 g/mL G418 
(Gibco). A single G418-resistant clone was subse- 
quently expanded for further analysis. At the same 
time, pcDNA3 plasmid was also transfected into 
CNE2 cells as a control. 


Testing for BHRF1 Expression in Transfectant by 
Northern Blot Hybridization Analysis. CNE2 cells, 
pcDNA3-CNE2, and BHRF1-CNE2 cells were cul- 
tured in RPMI 1640 with 20% fetal calf secum, 2- 
mmol/L glutamine, and the antibiotics penicillin 
(1,000 U/mL) and streptomycin (1 mg/mL) for 24 
hours, at 37°C with 5% CO2. Total RNA was ex- 
tracted by an Rneasy Total RNA Kit (Qiager), elec- 
trophoresed in 1% agarose gel at 4 V/cm for 3 hours, 
and transferred to nylon membrane with a capillary 
blot. The membrane was baked to fix at 80°C for 2 
hours, washed, and pretreated for hybridization. 
BHRFI fragment was labeled by random priming 
(Megaprime TM DNA labeling system, Amersham), 
filtered by a G50 pillar, and boiled for 10 minutes. 
The probe was added to hybridize 18 hours in an 
incubator at 42°C. Then the membrane was rinsed 
and exposed to x-ray film in a film cassette at -80°C. 


Testing BHRFI in Genome of Transfeciant by 
Fluorescent In Situ Hybridization Test. CNE2 cells 
and BHRF1-CNE2 cells were cultured for 72 hours, 
fixed with fixative solution, baked at 74°C, digested 
with 100 ug/mL ribonuclease at 37°C for 1 hour, 
denatured in formamide/twice sodium chloride and 
sodium citrate at 70°C for 2 minutes, and treated with 
100 ng/mL proteinase K at 37°C for 7 minutes. Bi- 
otin-labeled probe (Biotin-Nick Translation Mix, 
Sigma) was synthesized and hybridized with the cells 
at 37°C overnight. Then the cells were washed and 
successively incubated for 30 minutes each with avi- 
din—fluorescein isothiocyanate (FITC), mouse anti- 
avidin-FITC, rabbit anti-mouse IgG-FITC, and pro- 
pidium iodide. f 

Effect of BHRF1 Expression on Proliferation of 





Effect of BHRF1 expression on proliferation 
of CNE2 cells after irradiation. 


CNE2 Cells After Irradiation, In a 96-well culture 
plate, BHRF1-CNE2 cells, vector controls, or CNE2 
cells were seeded at a density of 3 x 103 per well. 
After cultivation for 24 hours, they were irradiated 
with Co at 6 Gy and cultivated for another 10 days. 
The cell viability in 3 wells of each group was mea- 
sured with MTT (3-[4,4-dimethylthiazol-2-yl]-2,5- 
diphenyl tetrazolium bromide) each day. 


Cell Cycle Redistribution After Irradiation. 
BHRFI1-CNE2 cells, vector controls, or CNE2 cells 
were irradiated with Co at 8 Gy, harvested as single 
cell suspensions by 0.25% trypsinization, fixed in 
70% ethanol, stained with 0.05% propidium iodide 
at a final concentration of 106 cells per milliliter over- 
night, and incubated at 37°C with 10 g/mL ribonu- 
clease for 20 minutes. The DNA distribution was ana- 
lyzed by FACScan (Becton Dickinson), and the per- 
centage of cell cycle phases was calculated by the 
SOBR (sum of broadened rectangles) model in 
cellFIT. Dead and fragmenting cells were gated out 
in the FACScan analysis. 


RESULTS 


Analysis of BHRF1-Expressing Recombinants. 
BHRFI-pcDNA3 and BHRF1-pSG5 were digested 
with XBal and EcoRI, and electrophoresed in 1% 
agarose gel. It was found that there was one 0.9 kb 
fragment on each plasmid, which suggested that de- 
sired recombinants were constructed successfully. 


Expression of BHRF 1 in Stable Transfectants. By 
Northern blot hybridization analysis, a positive re- 
sult was shown in the RNA of BHRF1-CNE2 cells, 
but not in the control cells. 


Testing BHRF 1 in Genome of Transfectant by Fluo- 
rescent In Situ Hybridization Test. There was a posi- 
tive reaction in the genome of BHRF1-CNE2 cells, 
which suggested that BHRF1 expression vectors ex- 
isted in the genome of the transfectant. 


Effect of BHRFI Expression on Proliferation of 
CNE2 Cells After Irradiation. The population of vec- 
tor-CNE2 and CNE2 cells was greater than that of 
BHRF1-CNE2 cells on the day before irradiation, 
and obviously reduced after irradiation. The prolif- 
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FLOW CYTOMETRIC ANALYSIS OF EXPRESSION OF BHRF1 PROHIBITING CELL APOPTOSIS OF CNE2 CELLS 














INDUCED BY RADIATION 
Before Irradiation After Irradiation 
Apoptotic GI G2 S Apoptotic GI G2 S 
Phase Phase Phase Phase Phase Phase Phase Phase 
CNE2 0.4 46.6 17.2 36.2 14.5 42.6 18.2 39.2 
peDNA3-CNE2 0.5 48.5 18.4 33.1 16.7 46.5 16.4 37.1 
BHRF1-CNE2 0.2 59.2 23.2 17.6 3.0 49.1 10.2 40.1 


Data are percent. 





eration of vector-CNE2 and CNE2 cells was slow 
from the third day to the sixth day, and increased 
after the sixth day, while the population of BHRF1- 
CNE2 cells decreased slightly after irradiation, and 
obviously increased in the following 2 days. From 
the fifth day, BHRF1-CNE2 cells showed slow and 
constant proliferation (see Figure). 


Cell Cycle Redistribution After Irradiation. Be- 
fore irradiation, there was a higher BHRF1-CNE2 
cell percentage in G1 phase and a lower cell percen- 
tage in S phase than in control groups (.01 < p < 
.05). After irradiation, the BHRF1-CNE2 cell per- 
centage in G1 phase decreased and that in S phase 
increased, with an extraordinary significant differ- 
ence before and after treatment (p < .01), while there 
was no significant difference between control groups. 
The apoptotic rate of BHRF1-CNE2 cells was obvi- 
ously less than that of control groups (p < .01, %2 
test) after irradiation (see Table). 


DISCUSSION 


Radiation can induce programmed cell death in 
the progenitor cells of testicular, intestinal, renal, and 
neuronal cell renewal systems.3 But some factors, 
such as bel-2, p53, staurosporine, and caffeine, can 
affect the radiosensitivity of the cells. Overexpres- 
sion of bel-2 correlates with resistance to radiation, 
and low or absent bcl-2 expression generally in- 
creases radiosensitivity.4 One mechanism of enhanc- 
ing cell killing by radiation is to trigger apoptosis by 
decreasing the G2 delay induced by irradiation. Caf- 
feine has profound effects on the cell cycle of irradi- 
ated cells. Cells undergo a division delay with a pro- 
longation of G2 after irradiation. This G2 delay is 
greatly reduced by treatment of the irradiated cells 
with caffeine.> Treatment of Hela cells with caffeine 
has been shown to shorten the G2 delay after irradi- 
ation and to decrease their survival.® The kinase in- 
hibitor staurosporine also decreases the radiation- 
induced G2 delay in Hela cells. These reports sug- 
gested that reducing the length of the G2 delay can 
cause increased cell killing.5-? Other investigators 


have shown that apoptosis is promoted by caffeine 
and staurosporine in Hela cells arrested in S phase 
by hydroxyurea treatment. Wild-type p53 is required 
for the induction of a G1 delay by ionizing radia- 
tion.? Cells that are p53-negative are more suscep- 
tible to caffeine potentiation of radiation killing, pre- 
sumably as a result of the combined loss of the G1 
checkpoint. !© 


BHRF1 is an immediate early protein and present 
in all natural EBV isolates so far examined.!! BHRF1 
has significant colinear sequence similarity with the 
proto-oncogene bc]-2, which can protect B cells from 
apoptosis. !2:!3 Expression of bcl-2 from retrovirus 
vectors or from transgenes in mice has led to ex- 
panded resting B-cell populations and contributed 
to B-cell neoplasia.!*:!5 The BHRF1 product has been 
localized at the periphery of the mitochondria in a 
pattern similar to that of bcl-2. These findings sug- 
gest that BHRF1 and bcl-2 are functionally and 
mechanistically similar in promoting the survival of 
cells exposed to various apoptotic stimuli. This pro- 
motion of cell survival is associated with a block in 
proliferation.!6 BHRF1 was found to render Burkitt’s 
lymphoma cells more resistant to programmed cell 
death induced by either serum withdrawal or by ad- 
dition of calcium ionophore, and also was able to 
suppress apoptosis induced by various DNA-damag- 
ing agents, 17.18 


In our experiment, CNE2 cells were sensitive to 
Co, which prohibited the proliferation of the cells 
and caused cell apoptosis, while BHRF1 expression 
increased G1 delay and decreased cells in S phase, 
thereby reducing the proliferation and the sensitiv- 
ity to radiation of the cells. After irradiation, BHRF1 
reduced the apoptosis of CNE2 cells and increased 
the cell percentage in S phase; this finding suggested 
that DNA synthesis in the tumor cells is active in 
strengthening restorative ability after irradiation. Our 
data indicate that BHRF1 expression is able to alter 
the cell cycle and protect CNE2 cells from apoptosis 
induced by radiation. 
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GLANDULAR CARCINOMA OF THE LARYNX: 
THE UCLA EXPERIENCE 
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Glandular carcinomas of the larynx are rare tumors that constitute less than 1% of all laryngeal malignancies. A retrospective 
case review of 12 patients with glandular carcinomas of the larynx is presented to identify patient and tumor characteristics, thera- 
peutic modalities, and treatment outcomes. Ten patients underwent surgical excision of the primary tumor, by either supraglottic 
laryngectomy, vertical partial laryngectomy, or total laryngectomy. Seven of these patients also received postoperative radiotherapy. 
After a median follow-up period of 23 months, 7 of the 12 patients (58.3%) died as a result of uncontrolled locoregional disease or 
distant metastases. The 5-year survival rate was 57% in patients who underwent combination therapy versus 50% for those patients 
who received surgery alone, Surgical resection is the primary treatment modality used in the majority of cases. Neck dissection is 
reserved for patients with clinically apparent adenopathy, adenocarcinoma, or high-grade mucoepidermoid carcinoma. Combination 
therapy with surgical resection and radiotherapy may be more effective in achieving tumor remission than is surgical resection 


alone. 
KEY WORDS — carcinoma, gland, larynx. 


INTRODUCTION 


Squamous cell carcinoma accounts for greater than 
99% of all laryngeal malignancies. By comparison, 
nonsquamous carcinomas are very rare. The distri- 
bution of the nonsquamous carcinomas of the lar- 
ynx follows the anatomic distribution of the laryn- 
geal subepithelial salivary glands and intraepithelial 
mucous glands. The larynx has a rich supply of sali- 
vary glands, primarily of the mixed seromucous type, 
which function in an exocrine manner. The glands 
are not uniformly distributed throughout the larynx. 
They are mostly concentrated in the saccule, the sub- 
glottic surface of the anterior commissure, and the 
ventricular folds. In addition, they are also sparsely 
distributed on the epiglottis, arytenoids, and ventricu- 
lar sulci.! 


Glandular carcinomas of the larynx consist of a 
histologic array of tumors, most commonly adenoid 
cystic carcinoma, mucoepidermoid carcinoma, and 
adenocarcinoma.?3 Because of the rarity of this tu- 
mor in the larynx, no series has been large enough 
to permit statistical evaluation of treatment modali- 
ties. This report summarizes the University of Cali- 
fornia Los Angeles (UCLA) experience with glandu- 
lar carcinomas of the larynx over a 38-year period. 


PATIENTS AND METHODS 


A computer-assisted search of the UCLA Medi- 
cal Center Department of Pathology archives re- 


vealed 1,891 laryngeal specimens processed between 
1950 and 1988 that showed carcinoma, dysplasia, 
or keratosis. Review of the pathology reports identi- 
fied 1,547 invasive squamous carcinomas and 15 in- 
vasive nonsquamous carcinomas. During this time 
period, 12 patients with glandular carcinomas of the 
larynx were treated at UCLA Medical Center. All 
cases were surgically confirmed to be originating 
from the larynx and histologically confirmed to be 
nonsquamous. Tumors that originated from the base 
of the tongue, hypopharynx, or trachea were ex- 
cluded from analysis. Table 1 details the site of ori- 
gin and the distribution of these carcinomas within 
the larynx. 


The medical records of the patients were reviewed 
to determine tumor histologic type, site, size, pre- 
senting symptoms, therapeutic modalities, risk fac- 
tors, and outcome. In some cases, additional follow- 
up was obtained by telephone interview of patients 
or their family members. Follow-up of 10 months to 
156 months was available in all 12 cases, with a me- 
dian follow-up period of 23 months. Survival data 
were calculated by the Kaplan-Meier life table meth- 
od. Each patient was staged according to the Ameri- 
can Joint Committee on Cancer (AJCC) staging sys- 
tem for laryngeal tumors.* Tumor origins were clas- 
sified as supraglottic, glottic, or subglottic. Postop- 
erative radiotherapy was administered by megavol- 
tage equipment with either cobalt 60 or a 10-MV 
linear accelerator. 
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TABLE 1. HISTOPATHOLOGY AS RELATED TO 


TABLE 3. ACTUARIAL SURVIVAL DATA ACCORDING 

















SITE OF ORIGIN TO TUMOR TYPE 
Type Glottic Supraglottic Subglottic Total i Adenoid Muco- 
Adenoid cystic Surviyal Adeno- Cystic epidermoid 
carcinoma 1 1 3 5 (y) carcinoma Carcinoma Carcinoma Total 
Mucoepidermoid 2 0 100 33.3 56.5 
carcinoma 3 2 0 5 5 0 75 33.3 45.2 
Adenocarcinoma 0 2 0 2 Data are percent. 





The ages of the patients at the time of diagnosis 
ranged from 46 to 83 years, with a mean age of 61.5 
years. There was no significant age variation by tu- 
mor histologic type. The average age at presentation 
was 60 years for adenoid cystic carcinoma, 59 years 
for adenocarcinoma, and 63 years for mucoepider- 
moid carcinoma. There were 6 men and 6 women. 
Seven of the patients had a history of smoking to- 
bacco. The initial presenting complaint of the pa- 
tients varied depending on the location of the tumor. 
Five patients with supraglottic tumors presented with 
dysphagia or hoarseness. Three patients with sub- 
glottic tumors presented with shortness of breath, 
and 4 patients with glottic tumors presented with 
hoarseness. 


The AJCC staging system was used to categorize 
these tumors.* One case was stage T1, 2 cases were 
stage T2, 7 cases were stage T3, and 2 cases were 
stage T4 at presentation. Three patients had meta- 
static cervical adenopathy at the time of presenta- 
tion. No patient presented with distant metastases. 
Table 2 demonstrates the stage of tumor as a func- 
tion of tumor location. 


RESULTS 


Two patients received no definitive treatment fol- 
lowing biopsy. One patient refused any further ther- 
apy. The second patient was judged to have an unre- 
sectable tumor for which a palliative tracheotomy 
was performed. One of these patients had a supra- 
glottic adenocarcinoma, while the other presented 
with a supraglottic mucoepidermoid carcinoma. They 
died at 10 and 22 months respectively, after diagno- 
sis. 


Treatment for attempted cure was undertaken in 
10 patients, who underwent surgery. The type of sur- 
gical procedure was determined by the location and 
extent of the tumor. Total laryngectomy was the ap- 


TABLE 2. CLINICAL STAGE ACCORDING TO SITE 

















Stage Glottic Supraglottic Subglottic Total . 
I 0 0 1 1 
I 1 0 0 1 
Ii 2 3 1 6 
IV 1 2 1 4 





proach taken in 7 of the 10 patients (70%) who under- 
went surgery. Two patients underwent vertical hemi- 
laryngectomy, and 1 underwent a supraglottic laryn- 
gectomy. The surgical margins were positive in 2 of 
the 3 patients who underwent partial laryngeal sur- 
gery. Of the 7 patients who underwent a total laryn- 
gectomy, only 1 had positive margins. Both patients 
with positive surgical margins and partial laryngeal 
surgery had extensive submucosal extension that ac- 
counted for the presence of tumor at the resection 
margins. Seven patients received postoperative ra- 
diotherapy, including those with positive surgical 
margins. In the 10 patients who received definitive 
therapy, uncontrolled local and/or metastatic disease 
was the cause of death in 5 patients. Three patients 
died prior to 2 years, 1 patient died after 59 months, 
and the remaining patient died after 95 months.. The 
overall 2- and 5-year survival rates were 56.5% and 
45.2%, respectively, in the 12 patients of this series. 
These data are summarized in Table 3. 


Seven patients in this study received combination 
therapy consisting of surgical excision and postop- 
erative radiotherapy, while 3 patients underwent sur- 
gical excision alone. The 5-year survival rate was 
57% in patients who underwent combination therapy 
versus a 5-year survival rate of 50% for those pa- 
tients receiving surgical excision as their sole mode 
of therapy. Given the small size of this series of pa- 
tients, this difference was not statistically significant 
(x2 = 0.032, p > .05). Table 4 depicts survival by 
treatment modality. Of the 3 patients who underwent 
partial laryngectomy, 2 died within 2 years of diag- 
nosis and 1 was alive at 18 months of follow-up with- 
out evidence of recurrent disease. Both patients who 
died had positive surgical margins. Of the patients 
who had a total laryngectomy performed, 2 were 
dead within 5 years of diagnosis and 1 patient died 
within 10 years of diagnosis. Of these, only 1 had 
positive surgical margins. 


TABLE 4, ACTUARIAL SURVIVAL DATA ACCORDING 














TO TREATMENT MODALITY 
Survival No Surgery and Surgery 
(y) Treatment Radiotherapy Alone 
2 0 57 100 
5 0 37 50 


Data are percent. 
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DISCUSSION 


Minor salivary glands are found throughout the 
oral cavity, oropharynx, larynx, and hypopharynx, 
and these structures may give rise to various types 
of neoplasms.>-? The palate is the most common site 
of occurrence of minor salivary gland tumors.!° Mi- 
nor salivary gland tumors are rare in the larynx. The 
prevalence of these tumors in the larynx ranges from 
0.1% to 1% of all laryngeal neoplasms."!)!2 At our 
institution, nonsquamous carcinomas represented 
only 0.96% of 1,562 laryngeal carcinomas diagnosed 
by the Department of Pathology during a 38-year 
period. In the past 30 years, there have been approxi- 
mately 200 cases of laryngeal glandular carcinomas 
reported in the English-language literature. Within 
the larynx, these glandular neoplasms are almost al- 
ways malignant? and comprise a great histologic di- 
versity.!3.14 Adenocarcinoma, adenoid cystic, and 
mucoepidermoid carcinomas are most commonly re- 
ported, and no etiologic factor has been clearly dem- 
onstrated in their pathogenesis. 


Tobacco exposure is the most frequently identi- 
fied etiologic agent for squamous cell carcinoma of 
the larynx. While approximately 90% of patients who 
develop laryngeal squamous cell carcinoma report a 
history of tobacco exposure,!° only 58% of the pa- 
tients in the current series reported a history of to- 
bacco usage. While squamous cell carcinoma of the 
larynx occurs more frequently in men, there was an 
equal proportion of men and woman with laryngeal 
glandular carcinoma in the current study. This study 
found no difference in the average age of patients 
presenting with squamous versus nonsquamous car- 
cinoma of the larynx, nor with adenoid cystic carci- 
noma versus adenocarcinoma of the larynx. This lat- 
ter finding is in contrast to previous studies, which 
found a younger age at presentation with adenoid 
cystic carcinoma. !617 


Glandular carcinomas of the larynx originate from 
subepithelial glands,!8 tend to spread submucosally, 
and usually present as an exophytic growth with in- 
tact overlying mucous membrane. Because of this 
predilection for submucosal growth, most patients 
present with locally advanced tumors at the time of 
diagnosis. Eighty-three percent of our patients pre- 
sented with T3 or T4 lesions at the time of diagno- 
sis. While many epidermoid cancers of the glottis 
present at an early stage due to early-onset hoarse- 
ness, patients with glottic glandular tumors tend to 
present with advanced-stage disease, due to exten- 
sive submucosal tumor spread. 


Tumor distribution closely follows the distribu- 
tion pattern of minor salivary glands within the lar- 
ynx. There is an increase in the density of minor sali- 


vary glands as one proceeds from the subglottis to 
the supraglottis. In the current series, 75% of tumors 
originated from the glottis and supraglottis, in areas 
of high glandular concentration. Thus, the appear- 
ance of a submucosal mass at the anterior commis- 
sure, saccule, or epiglottis should alert the examiner 
to the possibility of a glandular carcinoma.!3.18.19 


Presenting symptoms depend upon the tumor lo- 
cation. With subglottic tumors, patients usually pre- 
sent with shortness of breath related to airway ob- 
struction, while patients with glottic tumors usually 
present with hoarseness. With supraglottic tumors, 
presenting symptoms depend on the size and loca- 
tion of the tumor, as well as the degree of involve- 
ment of adjacent structures. Inferior extension to the 
vocal folds will produce hoarseness. Posterior, lat- 
eral, or superior extension may produce dysphagia. 
A bulky supraglottic tumor may eventually also pro- 
duce airway compromise. While other series report 
pain as a prominent symptom in adenoid cystic car- 
cinoma,!%.?0 this was not observed in this series. None 
of the patients in the current series reported pain as 
their presenting symptom. 


At the time of diagnosis, 4 patients presented with 
regional metastases, while none had evidence of dis- 
tant metastatic disease. Batsakis et al!! found a higher 
incidence of lymph node involvement in adenocar- 
cinoma as compared to adenoid cystic carcinoma — 
a difference also noted in this series. Both of the pa- 
tients in this study presenting with adenocarcinoma 
were found to have cervical adenopathy at the time 
of presentation. The other 2 patients with regional 
metastases exhibited intermediate to high-grade mu- 
coepidermoid carcinoma. None of the patients with 
adenoid cystic carcinoma presented with cervical me- 
tastasis. In the patients with neck metastasis, 3 of 
the primary lesions were located in the supraglottic 
region and only 1 was located in the glottis. 


Different treatments have been suggested for non- 
squamous carcinomas of the larynx, ranging from 
laryngeal sparing surgery to total laryngectomy and 
ipsilateral neck dissection, regardless of the tumor 
type or extent.!618.20 Given the rarity of glandular 
carcinomas of the larynx, it is difficult to make de- 
finitive treatment recommendations. It would be im- 
possible to accrue enough patients to compare treat- 
ment modalities in a prospective fashion, and indeed 
it is unlikely that any single institution’s experience 
would be large enough to perform a retrospective 
analysis that achieved statistical significance. The 
5-year survival of patients who had a total laryngec- 
tomy performed was 67%, as compared to 33% for 
those who had a partial laryngectomy. Surgical mar- 
gins were positive in 67% of patients who had a par- 
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tial laryngectomy, while those who received a total 
laryngectomy had only a 14% incidence of positive 
surgical margins. Due to the high incidence of sub- 
mucosal tumor spread and the resulting incomplete 
tumor excision, it appears that partial laryngectomy 
may be an inadequate approach when compared to 
total laryngectomy in the treatment of glandular car- 
cinomas of the larynx. On the basis of our limited 
experience with glandular carcinomas of the larynx 
and our larger experience with minor salivary gland 
cancers of other sites in the upper aerodigestive tract, 
we recommend ipsilateral neck dissection for patients 
who present with cervical adenopathy, adenocarcino- 
ma, or high-grade mucoepidermoid carcinoma. Ac- 
cording to our data, glandular carcinomas of the 
supraglottis have a higher chance of cervical metas- 
tasis than those of the glottis or subglottis. 


Postoperative radiotherapy has been recom- 
mended in the past for treatment of glandular carci- 
nomas of the larynx.2! We suggest postoperative ra- 
diotherapy, especially in cases in which the surgical 
margins are close or there are regional metastases. A 
previous series from our institution demonstrated the 
benefit of postoperative radiotherapy for minor sali- 
vary gland carcinomas when the surgical margins 
are close.?? Postoperative radiotherapy may elimi- 
nate residual microscopic disease at the primary site 
or in regional lymphatics. The fact that 70% of pa- 
tients in this study received postoperative radiother- 
apy may account for the higher survival rate found 


in this study when compared to other studies. Fur- 
thermore, combination therapy with surgery and ra- 
diotherapy proved to be superior to surgical exci- 
sion alone in terms of 5-year survival, although this 
difference was not statistically significant because 
of the small series size. 


CONCLUSION 


In conclusion, laryngeal cancer of the minor sali- 
vary glands is rare when compared to epidermoid 
carcinoma. The diagnosis should be considered when 
evaluating a patient with a submucosal mass of the 
larynx. Due to submucosal tumor spread, most pa- 
tients present with T3 or T4 primary tumors, regard- 
less of the site of laryngeal involvement. Surgical 
resection of the tumor is advisable for advanced-stage 
disease. We have no experience treating early-stage 
disease for cure with primary radiotherapy. At any 
rate, this is an unusual situation, as demonstrated by 
the fact that only 1 of 12 patients (8%) in the current 
series presented with a stage T1 primary tumor. From 
this patient series, it appears that partial laryngec- 
tomy may be inadequate compared to total laryngec- 
tomy in the treatment of glandular carcinomas of the 
larynx, when the overall disease-free survival and 
surgical margins are considered, Neck dissection 
should be reserved for patients with clinical adenop- 
athy, adenocarcinoma, and high-grade mucoepider- 
moid carcinoma. Most patients appear to benefit from 
a course of postoperative radiotherapy. 
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The results of the carbon dioxide (CO2) laser debulking procedure for obstructing endolaryngeal carcinoma were analyzed in 
terms of efficiency, complications, secondary tracheotomy rate, and peristomal recurrence rate in a series of 50 patients consecutively 
managed at our department. The CO2 laser was used to reestablish a safe airway without resorting to tracheotomy and without 
performing a transoral resection. Our series included 42 patients in a pre-definitive treatment group (group 1) and 8 patients in a 
palliation group (group 2). Complications included death, pneumonia from inhalation, and cutaneous burns in 2 patients, 1 patient, 
and 1 patient, respectively. Thirty-two percent of patients required a repeat laser treatment to maintain the airway. Overall success 
rates of 92.8% and 87.5% were achieved in group 1 and group 2 patients, respectively. None of the variables under analysis could 
predict the success of the CO2 laser debulking procedure. The overall incidences for secondary tracheotomy were 4.7% and 0% in 
group 1 and group 2 patients, respectively. Peristomal recurrence was not encountered in patients managed with definitive therapy 


with curative intent. 


KEY WORDS — carbon dioxide laser debulking, endolaryngeal carcinoma. 


INTRODUCTION 


Until the advent of the carbon dioxide (CO2) laser, 
emergency tracheotomy and emergency laryngecto- 
my were the treatment policies used in patients with 
an obstructing endolaryngeal carcinoma. Emergency 
tracheotomy yielded various complications and was 
suspected to be one of the factors that might increase 
the incidence of stomal recurrence by encouraging 
tumor cell implantation at the tracheotomy site.!-6 
With the recent advent of cisplatin-based neoadjuvant 
chemotherapy laryngeal organ preservation strate- 
gies,’ emergency laryngectomy in patients with an 
obstructing endolaryngeal carcinoma is no longer, 
in our opinion, a valid option. 


The concept of laser debulking of obstructing la- 
ryngeal tumor to secure the airway and avoid trache- 
otomy was pioneered by Vaughan et al®? and the 
Boston University group in the late 1970s. In the 
current textbooks on management of obstructing en- 
dolaryngeal tumors, the use of laser debulking is now 
discussed as an alternative option along with trache- 
otomy. Various authors!®-!3 have reported the suc- 
cessful use of the CO2 laser debulking procedure for 
obstructing laryngeal tumor. 


To secure the airway and avoid emergency trache- 
otomy in patients with an obstructing endolaryngeal 
carcinoma, the CO2 laser debulking procedure was 


introduced at our department in the 1980s.!4 The - 
present retrospective study was designed to review 
our experience in a series of 50 patients with ob- 
structing endolaryngeal squamous cell carcinomas 
consecutively managed with a CO2 laser debulking 
procedure either as a bridge before definitive therapy 
for cure or as a strictly palliative treatment. Our series 
included 42 patients in the pre—definitive treatment 
group and 8 patients in the palliation group. The pres- 
ent study documents and analyzes the complications, 
efficiency, secondary tracheotomy rate, and peristo- 
mal recurrence rate. A univariate analysis for poten- 
tial correlation between various variables and the ef- 
ficiency of the CO2 laser debulking procedure was 
performed. 


PATIENTS AND METHODS 


The medical files and operative charts of all pa- 
tients with an obstructive endolaryngeal carcinoma 
consecutively managed with a CO2 laser debulking 
procedure to secure the airway and avoid emergency 
tracheotomy at Laénnec Hospital between 1983 and 
1994 were retrospectively reviewed. There were 49 
men and 1 woman, with ages ranging from 38 to 96 
years (mean age 59 years). ’ 


Thirteen patients had previously treated endola- 
ryngeal squamous cell carcinomas. Staging of the 
remaining 37 untreated patients, according to the 
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TABLE 1. STAGING OF 37 PREVIOUSLY UNTREATED 











PATIENTS 
Tl T2 T3 T4 
NO li il 
N1 5 5 
N2 1 3 
N3 1 


All cases were initially classified as MO. 





1988 American Joint Committee on Cancer Staging 
classification system,!> is presented in Table 1. Past 
medical history revealed chronic obstructive pulmo- 
nary disease in 10 patients. 


Our series included 42 patients for whom the CO2 
laser debulking procedure preceded definitive ther- 
apy with curative intent (group 1) and 8 patients for 
whom the CO2 laser debulking procedure was con- 
sidered part of palliative treatment (group 2) due to 
an unresectable tumor (3 patients), poor general con- 
dition (3 patients), or the patient’s refusal to undergo 
any curative treatment (2 patients). 


On admission, 3 patients had a tracheotomy and 1 
was intubated. To establish a safe airway in the re- 
maining patients, who were stridulous with dyspnea 
at rest, orotracheal intubation was performed. Awake 
intubation was successfully performed in 36 patients. 


In the other 10 patients, awake orotracheal intubation. 


was not successful and a rigid tracheobronchoscopy 
allowing insertion of a guide into the trachea was 
performed to facilitate the endotracheal intubation. 
Fiberoptic-controlled intubation was not used in the 
present series. Intubation was performed with a pro- 
tected endotracheal tube in the early years, and a la- 
ser-compatible endotracheal tube with an inflatable 
cuff since 1990, A laser laryngoscope with an oper- 
ating microscope was positioned. The extent of the 
tumor and the laryngeal mobility were assessed (Ta- 
ble 2). A frozen section was carried out in patients 
with a previously untreated tumor. The debulking 
procedure was then performed with a Sharplan 1040 
CO2 laser (Laser Industries). The CO2 laser was set 
at a 15-W continuous mode on average (range 7 to 
30 W). The duration of the debulking procedure was 
35 minutes on average (range 15 to 60 minutes). Dur- 
ing surgery, the plume and the tumor debris were 
constantly evacuated. Transoral resection of the can- 
cer was not attempted in the present series. Rigid 
tracheobronchoscopy was not performed after the de- 
bulking procedure. Forty patients were extubated in 
the operating room by the end of the debulking pro- 
cedure. Due to poor general condition and/or intu- 
bation difficulties, the remaining 10 patients were 
kept intubated overnight. On recovery, the patients 
were routinely nursed with humidified oxygen, pro- 
phylactic broad-spectrum antibiotherapy, oral ste- 


TABLE 2. TUMOR EXTENT AND LARYNGEAL 

















MOBILITY 
Group | Group 2 
(n = 42) (n = 8) 

Endolaryngeal tumor location 

True vocal cord 4 7 

Arytenoid cartilage 41 5 

Anterior commissure 37 5 

Posterior commissure 5 0 

Infraglottis 39 6 

Supraglottis 4 7 

Preepiglottic space 7 2 
Extralaryngeal spread 

Oropharynx 3 1 

Pyriform sinus 4 0 

Retrocricoid i 0 

Trachea 5 2 
True vocal cord fixation 

Unilateral 38 6 

Bilateral 4 1 
Arytenoid cartilage fixation 

Unilateral 31 3 

Bilateral 0 0 





roids, and chest therapy. 


No patients were lost to follow-up. The CO2 laser 
debulking procedure was considered successful if it 
allowed for extubation, removal of a prior trache- 
otomy, and disappearance of dyspnea and/or stridor. 
The CO2 laser debulking procedure was considered 
unsuccessful if the patient had to be reintubated or 
died of laser-related complications, if dyspnea and/ 
or stridor recurred, or if a subsequent tracheotomy 
had to be performed. The independent factors of age, 
tumor location, laryngeal mobility, laser parameters, 
and surgeon’s experience were also tested for po- 
tential correlation with the efficiency of the debulk- 
ing procedure and the complications encountered 
(with p < .05 considered significant). 


RESULTS 


Group I Patients. Theinitial success rate was 64.2% 
(27/42). Fifteen patients in group 1 failed the debulk- 
ing procedure. One patient, initially staged as T4N1, 
died 5 days after the debulking procedure. Review 
of the medical and operative files noted enlargement 
of the mediastinum immediately after the procedure 
without pneumothorax or subcutaneous emphysema. 
This patient was kept within our department and died 
suddenly on the fifth postoperative night without any 
symptoms of laryngotracheal obstruction. Autopsy 
was denied by the relatives. Among the 14 remaining 
patients, 12 were successfully managed with a second 
CO2 laser debulking procedure and 2 required a tra- 
cheotomy prior to definitive treatment with curative 
intent. Therefore, an overall 92.8% (39/42) success 
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TABLE 3. DIAGNOSIS, MANAGEMENT, AND OUTCOME IN GROUP 2 PATIENTS 























Outcome (Time 

















From Laser 
Age Sex Past History Management Procedure) 
64 M Partial laryngectomy + radiotherapy failure 15-W laser + chemotherapy Died (35 d) 
67 M Partial laryngectomy failure 10-W laser Died (48 h) 
65 M Chemotherapy + radiotherapy failure 7-W laser Died (2 y) 
60 M Unresectable T4 30-W laser + radiotherapy Died (8 mo) 
72 M Chemotherapy + radiotherapy failure 10-W laser Died (2 mo) 
51 M Unresectable T4 10-W laser + chemotherapy Died (2 mo) 
81 M Radiotherapy failure 10-W laser Died (8 mo) 
90 F Chemotherapy + radiotherapy failure 9-W laser Died (5 mo) 








rate was achieved. Bronchospasm as a perioperative 
complication was noted in 2 patients. The only post- 
operative complication was pneumonia frem aspi- 
ration in 1 patient. Univariate analysis did not dem- 
onstrate any statistical relationship between the ef- 
ficiency of the CO2 laser debulking procedure, the 
complications encountered, and the variables under 
analysis. Peristomal recurrence was not enccuntered 
after definitive treatment with curative intent. 


Group 2 Patients. The initial success rate was 
37.5% (3/8). Five patients failed the debulking pro- 
cedure. One patient died suddenly at night, 48 hours 
after the debulking procedure. Review of the medical 
and operative files noted that the debulking procedure 
and the postoperative course were uneventfvl in this 
67-year-old man with an endolaryngeal recurrence 
after partial laryngectomy who refused any form of 
salvage treatment. The 4 remaining patients were 
successfully managed with a second CO2 laser de- 
bulking procedure without the need for a tracheot- 
omy. Therefore, an overall 87.5% (7/8) success rate 
was achieved. The only perioperative complication 
was a lip burn, noted in 1 patient. Postoperative com- 
plications were not encountered. Univariate analysis 
did not demonstrate any statistical relationship be- 
tween the efficiency of the CO2 laser debulking pro- 
cedure, the complication encountered, and the vari- 
ables under analysis. As noted in Table 3, all patients 
in group 2 ultimately died, but none died of tracheo- 
laryngeal obstruction or required a tracheotomy. 


DISCUSSION 


Vaughan et al,®-9 in the late 1970s, were the first 
authors to report, in 2 patients, the successful use of 
the CO2 laser to debulk an obstructive endolaryngeal 
tumor prior to definitive therapy. Since then, other 
reports from the same Boston University group have 

-~ documented the usefulness of the CO2 laser in secur- 
ing a safe airway without resorting to tracheotomy 
-in cases of obstructing laryngeal lesions.!0.!3 How- 
ever, to our knowledge, only 2 reports from other 
departments, with limited series of 10 and 11 patients, 





have documented the results achieved with the CO2 
laser debulking procedure for obstructing endolaryn- 
geal tumor.!!.!2 The relative lack of data prompted 
us to review a large series of patients with an ob- 
structing endolaryngeal carcinoma consecutively 
managed at our department with a CO2 laser debulk- 
ing procedure in an effort to assess the efficiency, 
complications, and long-term results. 


Perioperative complications were infrequent in our 
series, as well as in the prior reports by Vaughan et 
al,8.° Davis et al,!° Robson et al,!! McGuirt and Kouf- 
man,!2 and Zeitels et al.!3 The only perioperative 
complications encountered in the series of Robson 
et al were hemorrhage and bronchospasm in 1 patient. 
In our series, bronchospasm and lip burn were noted 
in 2 patients and 1 patient, respectively. Such data 
are in agreement with the reports of Healy et al!6 
and Ossoff et al,!7 who noted a low rate of perioper- 
ative complications in large series involving all types 
of CO2 laser surgery when the appropriate precau- 
tions were taken. However, Fried,!® in an analysis 
of 229 questionnaires with a 92% response rate, re- 
ported that increased experience with the laser did 
not necessarily guarantee fewer complications, and 
that only 49% of the physicians who responded had 
used the laser without complications. 


One of the most critical management issues in pa- 
tients with airway obstruction from laryngeal tumor 
is the achievement of a safe airway prior to the com- 
pletion of the CO2 laser debulking procedure. As 
demonstrated by Cozine et al!? in a survey of 15,701 
patients managed with a CO2 laser laryngeal pro- 
cedure, ventilation with the use of an endotracheal 
tube resulted in fewer complications when compared 
with Venturi jet ventilation. However, as noted by 
Griebie and Adams,”° endotracheal intubation might 
be a risk for patients with large obstructing lesions. 
Therefore, at our department, in patients with an ob- 
structive endolaryngeal carcinoma we advocate the 
completion of an awake orotracheal intubation with- 
out the use of Venturi jet ventilation. In our series, 
awake orotracheal intubation was unsuccessful in 10 
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patients. In such cases, a tracheobronchoscopy is per- 
formed to set a guide within the endolarynx and tra- 
chea. Such a guide always allowed for a safe and 
reliable endotracheal intubation without the need for 
an emergency tracheotomy. Ignition of the endotra- 
cheal tube directly related to impact from the laser 
is recognized as the most serious of all complica- 
tions.!8 Such a complication was not encountered in 
our series. This, in our opinion, is related to the sys- 
tematic use of the protected endotracheal tube in the 
early years and the use of a specially designed endo- 
tracheal tube and laryngoscope since 1990. The con- 
tinuous removal of all lasered tissue, the use of a 
low power setting (15 W on average), and the pro- 
tection of the inflated cuffs with moist cottonoids 
are the other maneuvers that explain the low rate of 
perioperative complications noted in our series. 


Postoperatively, 2 fatalities were noted in our se- 
ries. The cause of death remains unknown in both 
patients, who died suddenly 2 and 5 days, respec- 
tively, after the CO2 laser debulking procedure. Even 
though the fatalities did not appear to be directly re- 
lated to endolaryngeal obstruction, these fatalities 
demonstrate that the CO2 laser debulking procedure 
should be considered a major surgical procedure with 
a non-negligible mortality. This is further docu- 
mented by the fact that 1 patient in our series, as 
well as 1 in the series by Robson et al,!! experienced 
aspiration pneumonia after the CO2 laser debulking 
procedure. 


In our experience a 92.8% overall success rate was 
achieved in patients in whom the CO2 laser debulking 
procedure preceded definitive therapy with curative 
intent, and an 87.5% rate in patients in whom the 
CO2 laser debulking procedure was part of palliative 
treatment. Achievement of such rates required the 
completion of a second CO2 laser debulking proce- 
dure in 32% (16/50) of patients. Such a figure is sig- 
nificantly higher than that described in prior reports 
from other groups.®-!3 An explanation for this is the 
fact that in our series all patients in group 1 had a 
cisplatin-based neoadjuvant chemotherapy laryngeal 
organ preservation strategy after the CO2 laser de- 
bulking procedure. Regrowth of the tumor in patients 
who did not respond to neoadjuvant chemotherapy 
led to a secondary debulking procedure prior to total 
laryngectomy. In our series, none of the variables 
under analysis could predict the success of the CO2 
laser debulking procedure. Further, the experience 


gained with the laser did not appear to improve our 
results, perhaps because in the present series transoral 
resection of the cancer was not attempted, as our goal 
was only to reestablish a safe airway without resort- 
ing to tracheotomy, and not to perform a transoral 
resection of larynx cancer. The overall incidence of 
secondary tracheotomy was 4% (2/50). Our intra- 
operative experience, as well as the analysis of the 
tumor extent and laryngeal mobility (Table 3), did 
not suggest limitations to the use of the CO2 laser 
debulking procedure in patients with an obstructing 
endolaryngeal carcinoma. In our series, peristomal 
recurrence was not encountered in patients managed 
with definitive therapy with curative intent (group 
1). However, no strict oncological conclusions can 
be drawn, as the other factors in peristomal recur- 
rence — infraglottic extent of tumor, preventive para- 
tracheal lymph node dissection, margins of resection, 
and postoperative radiotherapy — were not assessed 
in the present retrospective study. 


As noted in Table 3, all patients in group 2 ulti- 
mately died, but none died of tracheolaryngeal ob- 
struction or required a tracheotomy. Therefore, the 
use of the CO2 laser debulking procedure in patients 
managed with palliative treatment (group 2) appeared 
to be highly successful, as it always avoided the need 
for a tracheotomy, resulting, therefore, in a better 
quality of life for this group of patients. 


CONCLUSION 


Our study confirms that the CO2 laser debulking 
procedure is a valuable treatment modality in pa- 
tients with obstructing endolaryngeal squamous cell 
carcinoma, and a viable alternative to tracheotomy 
prior to definite treatment. It confirms that this ap- 
proach to the management of cancer that obstructs 
the larynx should become more mainstream. Further, 
the use of the CO2 laser in patients undergoing pal- 
liative treatment allows for a better quality of life. 


However, the otolaryngologist-head and neck sur- 
geon should be aware 1) that such a procedure yields 
a non-negligible risk during the first postoperative 
week, making, in our opinion, a close follow-up dur- 
ing this period mandatory, and 2) that if a neoadjuvant 
chemotherapy organ preservation strategy is initiated 
after the initial debulking procedure, a second CO2 
laser debulking procedure will be required in approx- 
imately one third of patients to avoid tracheotomy. 
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Monoclonal extramedullary plasmacytoma (EMP) is a rare, low-grade lymphoma found predominantly in the head and neck 
region. Only since the introduction of immunophenotyping techniques 2 decades ago has it been possible to differentiate EMP from 
benign polyclonal plasma cell proliferation. The purpose of this study was to trace the evolutionary profile of the disease under 
consideration of monoclonality assessment. The records of 24 patients with morphologically diagnosed EMP treated in a single 
institution underwent clinical and pathological review. Only 14 patients had true monoclonal plasmacytoma. No EMP-related deaths 
occurred. Two patients had local recurrence, and 2 patients developed multiple myeloma. Review of the literature confirms the low- 
grade malignancy of EMP. Diagnostic procedures must exclude benign polyclonal plasmacytoma, multiple myeloma, and solitary 
bone plasmacytoma. The slow natural progression of the disease and the rarity of secondary multiple myeloma favor nonmutilating 
local surgery whenever possible to avoid the long-term sequelae of radiotherapy. 


KEY WORDS —— extramedullary plasmacytoma, head and neck, immunophenotyping, myeloma, soft tissue tumor. 


INTRODUCTION 


Extramedullary plasmacytomas (EMPs) are rare 
tumors initially described by Schridde! in 1905. A 
review of the literature shows that some salient fea- 
tures seem to typify an autonomous lymphoid disease 
whose natural history is distinct from that of solitary 
plasmacytoma of the bone marrow. However, the 
EMP tumor cells resemble mature or immature plas- 
ma cells in the absence of other lymphoid cells, and 
therefore cannot be differentiated from cells of soli- 
tary plasmacytoma of the bone marrow or of multiple 
myeloma. According to the literature, most EMPs 
are solitary and have a quasi-exclusive distribution 
in the head and neck area.?“4 This may be partially 
due to the abundant lymphoid tissue in this part of 
the body, and for this reason, patients are usually 
referred to otolaryngologists. The tumors arise pre- 
dominantly in submucosal tissues of the nasophar- 
ynx, paranasal sinuses, nasal fossa, tonsils, oral cav- 
ity, or larynx, and masses extending from bone can- 
not be considered as EMPs. Their incidence in males 
is nearly threefold higher than that in females, with 
the 50- to 70-year age group being the most affected.° 
The frequency of abnormal globulin in the serum is 
evaluated diversely, but most of the series were pub- 
lished before reliable methods of detection were 
available. While progression toward multiple mye- 
loma is inexorable for solitary plasmacytomas of the 





bone marrow, this event seems to be much less fre- 
quent for EMPs, whose destructive growth is essen- 
tially local. The rarity of the disease also accounts 
for the lack of codified therapy, which should be 
based on a more precise evaluation of the risk of 
distant dissemination. For this reason, we have re- 
viewed all the cases of EMP seen at the Institut Gus- 
tave-Roussy from 1980 to 1994, a period during 
which new and reliable immunophenotyping meth- 
ods were introduced that have led to accurate case 
selection. 


PATIENTS AND METHODS 


The records of all patients with diagnoses of EMP 
of the head and neck seen at the Institut Gustave- 
Roussy between 1980 and 1994 were reviewed. Sur- 
gical specimens fixed in 10% buffered formalin or 
AFA (acetic acid, formalin, alcohol), embedded in 
paraffin, and stained with hematoxylin and eosin, 
Giemsa, and periodic acid—Schiff were available for 
all patients. The slides of all patients were reviewed, 
and immunophenotyping was redone with the panel 
of antibodies listed in Table 1.6? The pathological 
requirement necessary to qualify for EMP diagnosis 
was a morphologically typical plasma cell lesion, 
restricted to soft tissue, with demonstration of mono- 
clonality. 


Clinical staging included a bone marrow aspirate, 
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TABLE 1. COMPLETE IMMUNOPHENOTYPING OF MONOCLONAL EXTRAMEDULLARY PLASMACYTOMA 




















Patient CDIS CD20 CD45RA  CD45RB 
1 = = + + 
2 = = + £ 
3 = - + t 
4 = = Ł + 
5 ND ND ND + 
6 ae = E Ł 
7 ND ND ND Ł 
8 = = + + 
9 - - - + 

10 ~ E + + 
ll ms + + + 
12 =- - - a 
13 = - + + 
14 ~ = + + 








EMA IgD IgA IgG K A 
+ - + - - + 
+ - + - - + 
+ - + - + - 
+ - - + + - 

ND ND ND ND 2 4 
+ — - + - + 

ND ND ND ND ae 
+ - + 5 + 
- _ - + - + 
+ ~ - + + >= 
Ł - + - pa g 
Ł + - 7 - +4 
+ - — + + — 
+ - ~ + + 


CD refers to nomenclature for human leukocyte differentiation antigens following Boston Workshop 1993.6 

+ — Majority of tumor cells were positive; + — some tumor cells were positive; - — all tumor cells were negative; ND — not done. 
Antibodies used for phenotyping were as follows: foz CD15, Becton-Dickinson, Pont de Claix, France; for CD20, CD45RB, EMA [epithelial 
membrane antigen”}, IgD, IgA, IgG, Dako SA, Trappes, France; for CD45RA, AMD, Euroblo, Les Ulis, France; for x, Biogenex, Menarini 
Diagnostics, Chevilly la Rue, France; for À, Immunotech SA, Marseille, France. 





a blind bone marrow biopsy from the posterior iliac 
crest, radiographs of the whole skeleton, serum elec- 
trophoresis, and serum and urine immunoelectro- 
phoresis. Patients qualified for the study if the his- 
tologic diagnosis of EMP was associated with a nor- 
mal bone marrow with less than 5% of plasma cells 
and absence of lytic bone lesions. Patients not meet- 
ing these 3 criteria could not be considered as having 
EMP and were excluded from the study. The presence 
of multiple soft tissue lesions or of a monoclonal 
peak on serum and/or urine electrophoresis was not 
a reason for exclusion. 


Treatment options for monoclonal EMP included 
surgery, radiotherapy, laser therapy, and chemother- 
apy. After therapy, the patients with monoclonal EMP 
were followed up every 3 months during the first 
year and every year thereafter. In case of relapse, 
the above-mentioned criteria were reevaluated with 
a new staging procedure. 


RESULTS 


Between 1980 and 1994, EMP was diagnosed in 
24 patients exclusively on the basis of morphological 
criteria. The biopsies were characterized by a diffuse 
infiltration of well-differentiated plasma cells not as- 
sociated with immunoblasts, plasmablasts. or lym- 
phocytes. The mitotic rate was always low. Periodic 
acid—Schiff—positive inclusions were observed in 5 
cases. Immune peroxidase light chain reaction 
showed polyclonality in 10 patients and monoclo- 
nality in 14 patients. 


The polyclonal group included 7 men and 3 wom- 
en, whose average age was 63 (range 30 to 88). Nine 
patients had single lesions, and 1 patient had multi- 
focal masses. Sites of polyclonal EMP were the gin- 


givae (n = 3), velum (n = 2), lip (n = 2), tonsils (n = 
1), nasal fossa (n = 1), floor of the mouth (n = 1), 
larynx (n = 1), and base of the tongue (n = 1). None 
of these patients had a monoclonal peak in serum or 
urine. Only 4 of the 10 patients had symptoms due 
to the tumor. All these patients were considered free 
of malignant disease, and no specific treatment was 
undertaken after biopsy. The patient with multifocal 
masses in the epipharynx, the nasal fossa, and the 
larynx had a follow-up for 5 years with no sign of 
disease progression. 


The group with monoclonal plasmacytomas is 
described in Table 2 and included 12 men and 2 
women, with a median age of 55 years (range 23 to 
77). The 2 women were younger than the 12 male 
patients. Three patients had multifocal expression 
of their EMP, and 11 patients had a single lesion. 
The sites of EMP were the nasal fossa (n = 3), tonsils 
(n = 3), nasopharynx (n = 6), soft palate (n = 1), 
larynx (n = 2), posterior wall of the oropharynx (n = 
1), maxillary sinus (n = 1), and base of the tongue (n 
= 1). Thirteen of the 14 patients had symptoms due 
to mechanical obstruction by the tumor. The mean 
interval between the onset of symptoms and the first 
medical consultation was 8 weeks. Only patient 12 
had a serum and urine monoclonal globulin peak, 
which disappeared postoperatively after removal of 
the tumor. 


Complete immunophenotyping is described in Ta- 
ble 1. In all cases, tumor cells expressed CD45RB. 
Epithelial membrane antigen (EMA) was positive 
in 11 cases and not determined in 2; CD45RA was 
positive in 8 cases, negative in 4, and not determined 
in 2; CD15 was negative in 12 cases and not deter- 
mined in 2; and CD20 was positive in a few tumor 
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TABLE 2. DESCRIPTION AND TREATMENT REGIMEN OF PATIENTS WITH MONOCLONAL 
EXTRAMEDULLARY PLASMACYTOMA 











, Follow-up Status at 
Patient Age Initial Symptom Site ' Therapy (mo) Follow-up 

1 45 Epistaxis Nasal fossa S/45 Gy 36 MM 

2 67 Dysphagia Tonsil S/55 Gy 60 NED 

3 60 Otalgia Velum S/45 Gy 105 NED 

4 63 Dyspnea Larynx, nasal fossa, nasopharynx S/40 Gy 108 NED 

5“ 77 Conductive hearing loss Nasopharynx, tongue S/45 Gy 19} AWD 

6 59 Nasal obstruction Nasopharynx 5/40 Gy 157 NED 

7. 44 No symptom Nasopharynx S O* 

8 23 Epistaxis Nasal fossa 8/50 Gy 18* NED 

9 56 Dental abscess Maxillary sinus 8/40 Gy 88 NED 
10 67 Dysphagia Tonsil S/40 Gy 5I} NED 
11 57 Dysphagia Tonsil S/40 Gy 132 NED 
12 42 Dysphagia Posterior pharyngeal wall S 150 NED 
13 45 Dysphagia Nasopharynx, larynx S/55 Gy 108 AWD 
14 63 Nasal obstruction Nasopharynx S/45 Gy 116 MM 


S — surgery, Gy — grays of radiotherapy, MM — multiple myeloma, NED — no evidence of disease, AWD — alive with residual or 


relapsing disease. 
*Definitively lost to follow-up. 
qDeath. 





cells in only 1 case. Light chain staining of the cyto- 
plasm was found in all 14 patients: 7 patients were 
K-positive, and 7 had À light chain positivity. Six 
cases stained for IgG, 5 for IgA, and 1 for IgD. No 
case stained for IgM or IgE. 


First-line therapy options for monoclonal EMP 
were surgery and/or radiotherapy. Diagnostic pro- 
cedures allowed complete macroscopic removal of 
the plasmacytoma by surgery in 8 cases. Six patients 
had bioptic, incomplete surgery in nonamenable ana- 
tomic sites such as the nasopharynx. Afterward, all 
patients except 2 received radiotherapy, with doses 
ranging from 40 to 55 Gy. One of the 2 patients (pa- 
tient 12) who refused radiotherapy has been free of 
disease for more than 10 years, while the second was 
lost to follow-up after initial therapy. 


Twelve of the 14 patients were followed up over 
a long period of time (mean follow-up of 8.5 years), 
but 2 patients were lost to follow-up after 1 and 18 
months. Two patients died of causes unrelated to their 
disease, 19 and 51 months after diagnosis, but no 
EMP-specific death was recorded. Two patients with 
multifocal lesions (patients 5 and 13), initially treated 
by surgery and radiotherapy, developed a recurrence 
in the irradiated primary sites, 19 and 47 months after 
initial treatment. Local control was again complete 
after surgery for the first patient, who died within 
the same month due to a heart attack; the second 
received laser therapy followed by chemotherapy, 
but an unresectable, histologically proven, positive 
residual mass is still present 8 years after relapse, 
with no increase in tumor volume or any critical or- 
gan compression. Two patients developed multiple 
myeloma, 24 and 93 months after diagnosis of EMP. 


Twelve and 15 months after diagnosis of multiple 
myeloma, these 2 patients are still alive. 


DISCUSSION 


Extramedullary monoclonal plasmacytoma is an 
extremely rare disease whose natural history and 
treatment are not clearly established. Since its initial 
description, about a dozen publications have de- 
scribed characteristics that typify a lymphoid neo- 
plasm that is distinct from both myeloma and solitary 
plasmacytoma of the bone marrow.?>-*-!8 In the Kiel 
classification, EMP is considered as non-Hodgkin’s 
lymphoma, while in the REAL (Revised European- 
American Lymphoma) classification, EMP and mul- 
tiple myeloma are summarized in the group plasma- 
cytoma/plasma cell myeloma.!? Clinically, most of 
the authors exclude tumors that arise from bone to 
avoid confusion with solitary bone plasmacytomas 
and insist on having a normal bone marrow biopsy 
result and an absence of lytic bone lesions to elim- 
inate multiple myeloma. Today, magnetic resonance 
imaging (MRI) is considered the most sensitive meth- 
od for assessment of lytic lesions.2° Application of 
MRI as a staging procedure is still limited, because 
of the large amount of time involved. Bone scans 
are of no value, because the nuclear medicine iso- 
topes are taken up only in areas of osteoblastic, but 
not osteolytic, activity. Pathologically, it is usually 
easy to diagnose EMP. When the monotone cell pat- 
tern makes it difficult to distinguish between plas- 
macytoma and undifferentiated epithelial tumors, im- 
munophenotyping solves the problem. Immunostain- 
ing also proves the monoclonality of the tumor and 
characterizes the plasma cells. In our study, in which 
immunophenotyping-was applied to all cases, we ex- 
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TABLE 3. REVIEW OF PUBLISHED SERIES OF EXTRAMEDULLARY PLASMACYTOMA OF HEAD AND NECK 











Upper 
Respiratory 
No. or Assessment 
of Digestive of 

Authors Year Patients Tract — Monoclonality 

Ewing 1952 7 7 ND 
and 
Foote? 

Kotner 1972 20 20 ND 
and 
Wang? 

Gromer 1973 7 6 ND 
and 
Duvall 

Petrovich 1977 7 7 ND 
et al® 

Yao and 1978 10 10 ND 
Perzin? 

Corwin 1979 12 10 ND 
and 
Lindberg!’ 

Woodruff 1979 16 14 ND 
et al!! 

Mendenhall 1980 6 5 ND 
et al!2 

Medini 1980 7 7 ND 
et alt3 

Harwood 1981 23 18 ND 
etall > 

Kapadia 1982 20 14 9/16 
et all5 

Knowling 1983 25 16 ND 
et al!6 

Meis 1987 13 13 11/13 
et al!7 

Wax 1993 4 2 4/4 
et all8 

Susnerwala 1997 22 20 22/22 
et al?! : 

This series 14 10 14/14 














Secondary 
Monoclonal Multiple  Specifict 
Protein* Myeloma Deaths 
ND 1 1 MM 
0/4 3 1 LD, 
2MM 
0/2 1 1 LD, 
1DM 
ND 0 1DM 
3/10 2 i DM, 
2MM 
4/12 2 2MM 
ND 0 1DM 
2/6 (1 with 2 1 MM 
subsequent 
MM) 
ND 0 0 
8/23 (1 with 4 4MM 
subsequent 
MM) 
4/10 4 4MM 
8/25 3 2LD, 
1 DM, 
2MM 
2/13 3 2MM 
0/4 0 0 
1/22 2 1 MM, 
; 4LD 
1/14 2 0 





Status 
at Last 
Follow-up Therapy Remarks 
3 NED, RT alone 
1 AWD, 3 
1 NSD 
H NED, RT alone 3 Local 
3 AWD, 17, Surg recurrences 
2 NSD alone 2 after RT 
3 NED, RT 5, No recur- 
2NSD Surg - rence after 
alone 2 Surg 
6 NED RT7 
4 NED, RT 9, 4 Local 
1 AWD Surg recurrences 
alone 1 
8 NED, RT 12 2 Local 
2 AWD recurrences 
after RT 
12 NED, RT 16 1 Local 
3 NSD recurrence 
after RT 
4 NED, RT6 No local 
1 AWD recurrence 
7 NED RT7 No local 
recurrence 
12 NED, RT 22 1 Local 
4 AWD, recurrence; 
3 NSD MM in 
patients 
with ini- 
tial bone 
destruction 
6 NED, "RT 14 2 Local 
2 AWD recurrences 
15 NED, RT 24 3 Active 
3 AWD residual 
2 NSD masses 
9 NED, RT Il, No local 
1 AWD Surg recurrences 
alone 2 
4NED Surg + 1 Local 
RT 3, recurrence 
Surg 
alone 1 
1 AWD, RT alone 5 Local 
9 NSD, 17,RT+ recurrences 
8 NED CH 4, after RT 
Surg + 
RTI 
9 NED, Surg + 2 Local 
2 AWD RT 12, recurrences 
Surg after RT 
alone 2 


ND — not determined, MM — multiple myeloma, NED — no evidence of disease, AWD — alive with disease, NSD — nonspecific (to 


extramedullary plasmacytoma) death, RT — radiotherapy, LD — local disease, Surg — 


metastases, CH — chemotherapy. 


*Ratio between positive cases and cases in which investigation was done. 


{Specified if related to LD, MM, or DM. 





cluded 10 of 24 patients (42%) with a polyclonal 
tumor that otherwise might have been included. Poly- 


surgery with complete excision, DM — distant 


clonal and monoclonal lesions were found, predomi- : 
nantly in the upper respiratory and digestive tracts. 
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In contrast to the patients with monoclonal lesions, 
most patients with polyclonal lesions showed no 
symptoms. No conclusive reports about an etiologic 
or evolutionary relationship between reactive disease 
and neoplastic disease are available. 


In the literature review (Table 324,318.21) we con- 
sidered clinicopathological multicase publications 
from 8 radiotherapeutic and 7 pathology-otolaryn- 
gology institutions on EMP arising in the head and 
neck, excluding cases of extramedullary tumors 
occurring during the evolution of multiple myelo- 
mas. The studies cover an observation interval be- 
tween 14 and 30 years. The assessment of monoclo- 
nality was partially achieved in only 4 of the reports 
we analyzed,!5-17,18.2! probably because most of the 
other cases were diagnosed before the era of routine 
immunophenotyping in the early 1980s. 


There is no evidence that treatment improves the 
outcome of EMP.” Diagnostic surgery may also be 
therapeutic, especially in surgically easily accessible 
areas. Two of our patients were treated by surgery 
alone, and at least 1 of them is free of recurrence. 
Several studies have also shown a disease-free sur- 
vival after surgery alone.3>-!7 Nonmutilating surgery 
alone is an alternative as first-line therapy to avoid 
the long-term sequelae of radiotherapy. Radiotherapy 
is accepted as standard treatment even though no 
studies showing a survival advantage have been pub- 
lished. Also, a definite relationship between the ra- 
diation dose and local control of EMP has not been 
demonstrated.!® Doses of 36 to 40 Gy, usually de- 
livered to lymphomas, seem to be sufficient, but in- 
field relapses are not exceptional. In our series, 2 
local relapses occurred that were amenable to either 
secondary surgery or laser therapy and chemother- 
apy. Local persistence or recurrence did not con- 
tribute to death. For surgically inaccessible anatomic 
sites such as the nasopharynx, radiotherapy is the 
preferred therapeutic modality. Surgical debulking 
may increase the probability of local radiotherapeutic 
control. Fortunately, in our series, no postirradiation 
complications such as local cellulitis, granulation tis- 
sue, or blindness! occurred. 


The prognosis of EMP is probably not so much 
influenced by local growth as by the possible evo- 
lution of the disease into multiple myeloma. Many 
authors confirmed local relapses as a major problem 
encountered in the follow-up of EMP, but deaths 
due-to local progression were infrequent in most re- 


ports.!516 Although not observed in our series, dis- 
ease-specific deaths after distant spread (without the 
features of multiple myeloma) confirm the neoplastic 
nature of the disease.!!1.16 In 2 of our 14 patients, 
multiple myeloma was diagnosed 24 and 93 months 
after the onset of EMP. Such a dismal outcome was 
not found in reports of several authors.®:!0.11,13 The 
risk of developing multiple myeloma during the course 
of clear-cut EMP exists, but with a much lower fre- 
quency than in cases of solitary bone marrow plasma- 
cytoma: in 3 studies in which patients were homoge- 
neously staged and treated in the same institutions, 
the proportions of patients developing multiple mye- 
loma after diagnosis of EMP or of solitary bone plas- 
macytomas were 2/12, 4/16, 3/13, and 6/12, 12/25, 
8/22, respectively.!9-16.17 Such atypical sites of EMP 
manifestation as the orbit or sphenoid sinus must 
raise the questions of initially misdiagnosed solitary 
bone plasmacytoma and secondary locations of mul- 
tiple myeloma with secondary extension to soft tis- 
sues. The prognosis of an evolutionary multiple mye- 
loma after EMP seems to be better than that of classic 
multiple myeloma.22.23 Despite improved laboratory, 
radiologic, and clinical examination, it is still not 
possible to identify which cases will progress into 
an overt multiple myeloma. There is no apparent link 
between the detection of monoclonal immunoglob- 
ulins or light chains in the serum and secondary de- 
velopment of multiple myeloma. The 2 patients in 
our study who developed multiple myeloma had no 
abnormal protein peak in serum or urine at the time 
of EMP diagnosis. On the other hand, the patient 
with the pathological serum protein peak, which dis- 
appeared after complete local control, has no evi- 
dence of disease more than 12 years after the diag- 
nosis of EMP. Recently, Susnerwala et al?! found a 
correlation between histologic grading (originally 
proposed by Bartl et al?4 in 1987 for multiple mye- 
loma grading) and local aggressiveness, but not for 
overall survival of EMP disease. That article?! also 
includes 3 cases of EMP of bone, which usually is 
considered a separate pathologic entity. 


In conclusion, EMPs are predominantly localized 
tumors, at least initially. Standard criteria for the ini- 
tial diagnostic procedure, based on modern radio- 
logic assessment of extension and complete immu- 
nohistologic analysis, may help to clarify the rela- 
tionship between this disease, whose behavior is akin 
to that of low-grade lymphoma rather than solitary 
bone plasmacytoma, and multiple myeloma. 
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SUBSTERNAL GOITER: CLINICAL EXPERIENCE OF 72 CASES 
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MURCIA, SPAIN 


The aim of this work was to study the clinical management and surgical approach of substernal goiters. We studied the clinical 
data, preoperative evaluation, surgical treatment, histopathologic data, complications, and follow-up of 72 patients found to have 
substernal goiter over a period of 15 years, from a total of 780 patients with goiter who underwent surgery. In this group, 83% were 
women, and the mean age was 61 years. The most common symptoms were the existence of a palpable cervical mass (93% of cases) 
and dyspnea (40%). The most successful study to diagnose substernal goiter was computed tomography (100%), followed by chest 
radiography (75%), gammagraphy (19%), and ultrasound (15%). All but 7 patients received a Kocher cervicotomy, and 49% of the 
__ cases underwent a total thyroidectomy. The histologic study revealed 3 carcinomas (4%). There was 1 permanent unilateral recurrent 
laryngeal nerve injury (1.4%) and 1 instance of permanent hypoparathyroidism (1.4%). We regard surgery as the most successful 
treatment for patients with substernal goiter, even in those without compressive symptoms. We base our choice on the low morbidity 
and zero mortality obtained. 


KEY WORDS — substernal goiter, surgical approach. 


INTRODUCTION 1. Clinical data. Family history of goiter, and prev- 
The number of patients with goiter has decreased alent symptoms (cervical mass, dyspnea, dysphagia, 
considerably since the introduction of iodized salt dysphonia, and symptoms of venous compression). 
as a prophylactic treatment.! However, there are still 2. Preoperative studies. In all cases, triiodothyro- 
patients with long-term goiters, some of which have nine, tetraiodothyronine, and thyroid-stimulating 
a substernal component. Even though it is usually hormone determinations were made. Simple chest 
benign, this intrathoracic growth conveys a potential radiology was performed in 72 patients, gammagra- 
morbidity. phy with iodine 131 or technetium 99 in 47, ultra- 
Surgery is the most accepted form of treatment,23 sound in 40, and computed tomography (CT) in 18. 
as it solves problems of compression and rules out Fine needle aspiration (FNA) was performed in 34 
the possibility of an occult cancer.46 Nevertheless, Patients. Indirect laryngoscopy was carried out in 7 
in the treatment of substernal goiter (SSG) we must patients, barium esophagography in 6, and cavogra- 
consider matters such as suitable timing for surgery, phy in 1. 
the effect on elderly patients, which studies to use 3. Surgical treatment, including the surgical ap- 
preoperatively, and the most appropriate surgical ap- proach (Kocher cervicotomy, thoracotomy, sternot- 
proach. This study records our experience in 72 pa- omy), surgical technique (total thyroidectomy, bilat- 
tients with SSGs. eral subtotal thyroidectomy, and lobectomy), and 


need for fibroscope-assisted intubation. The surgical 


PATIENTS AND METHOD technique employed is the cervical incision of Koch- 
Between 1978 and 1993, 780 patients underwent er, Separating or, if necessary, sectioning the prethy- 
surgery for goiter in the General Surgery Department roid muscles. The thyroid dissection usually begins 
of the Virgen de la Arrixaca University Hospital in at the smallest and least intrathoracic hemithyroid, 
Murcia. Seventy-two patients (9.2%) had an SSG. to simplify the removal of the goiter. The upper pole 
Regarded as such, as also defined by Sanders et al,° is always released first, to reduce the risk of injury 
are those with a major intrathoracic component that to the recurrent laryngeal nerves and the parathyroid 
requires exploration of the mediastinum for dissec- glands. Thyroid lobectomy was performed in cases 
tion and removal. The mean age was 61.3 years with only 1 pathological side. If the goiter was bi- 
(range 19 to 90 years); 60 patients were women lateral, we performed subtotal thyroidectomy during 
(83%) and 12 were men (17%). The following areas the early years of this series of patients, but now per- 
were assessed. form total thyroidectomy. 
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TABLE 1. CLINICAL DATA ON SI IBSTERNAL GOITERS 


Vo. of 
Symptoms Cases H% 
Cervical mass 67 93 
Dyspnea 29 40 
Dysphagia 12 17 
Dysphonia 12 17 
Stridor 8 11 
Thyroid hyperfunction 5 7 
Superior vena cava syndrome 5 7 
Horner's syndrome | l 


4. Histologic study according to the Workd Health 
Organization classification. 


5. Complications and progress. Postsurgery com- 
plications (injury to the recurrent laryngeal nerve, 
hypoparathyroidism) and recurrence. 


RESULTS 


Clinical Data. Only 2 patients had a family history 
of goiter, and 3 others had undergone previous sur- 
gery for either goiters or thyroid nodules. Fifteen pa- 
tients (21%) had received thyroxine treatment earli- 
er in the course of the goiter. Of the 72 patients, 21 





(29%) were admitted for an increase in size of a pre- 
viously acknowledged goiter, 20 (28%) for dyspnea, 
12 (17%) for a cervical mass, 4 (6%) for symptoms 
of hyperthyroidism, 3 (4%) for dysphonia, and | 
(1%) for dysphagia. Another 11 cases (15%) were 
accidentally discovered through chest radiology ap- 
plied for other reasons. All the patients were symp- 
tomatic, and the clinical data of these patients are 
shown in Table 1. Sixty-seven patients showed a 
palpable cervical mass (suggesting a substernal pro- 
longation in 34 cases). Five patients had no palpable 
goiter, but were symptomatic (3 dyspnea and 2 dys- 
phagia). Five patients presented with superior vena 
cava syndrome, and | with unilateral Horner’s syn- 
drome. 


Complementary Exploration. The thyroid hor- 
mone levels were high in 5 patients and normal in 
the rest. Cervicothoracic radiology (see Figure, A) 
demonstrated the substernal component of the goiter 
in 54 cases. Tracheal deviation was revealed in 48 
patients, and tracheal compression in 7. Another 7 
patients were normal in terms of tracheal deviation 
or compression. Gammagraphy (see Figure, B) was 
performed in 47 patients. Five of these patients pre- 


Substernal goiters. A) Chest radiograph showing intra- 
thoracic goiter with major tracheal deviation. B) Gam 
magraphy showing large intrathoracic goiter. C) Com- 
puted tomography scan showing mediastinal goiter 
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TABLE 2. EFFICIENCY OF EXPLORATORY 
TECHNIQUES FOR DIAGNOSING SUBSTERNAL 











GOITER 

Diagnosis of 

Substernal 

Goiter 

Exploratory Technique No. % 
Chest radiography (n = 72) 54 75 
Gammagraphy (n = 47) 9 19 
Ultrasonography (n = 40) 6 15 
Computed tomography (n = 18) 18 100 
Clinical exploration (n = 72) 34 47 





sented with a hot nodule, and 42 with a cold multi- 
nodular goiter. (Nine showed a gammagraphically 
substernal component and 6 tracheal deviation.) Ul- 
trasonography was performed in 40 patients, reveal- 
ing a solid multinodular goiter in 31 of them, and a 
solid cystic component in 9. Six patients had intra- 
thoracic spread of the goiter, and 3 had tracheal de- 
viation. A CT scan disclosed a mediastinal mass in 
the 18 patients in whom it was performed (see Figure, 
C). Nine were, further, found to have tracheal devia- 
tion, 2 to have esophageal compression, and another 
2 to have mediastinal vascular compression. An FNA 
suggested a benign lesion (colloid nodule) in 34 pa- 
tients and a suspicious lesion (follicular proliferation) 
in 5 patients. Indirect laryngoscopy detected altera- 
tions in the motion of the vocal cords in 3 of the 7 
explorations carried out. A barium esophagogram 
was applied in 6 patients, all with dysphagia, and 
we found a mass effect in 5 of them. Only 1 patient 
received cavography, which revealed compression 
and deviation of the superior vena cava. The results 
of the complementary explorations are shown in Ta- 
ble 2. 


Surgical Treatment. The surgical approach was 
Kocher cervicotomy in 67 patients (93%), sternot- 
omy in 3 (4%), and right thoracotomy in 2 (3%). We 
performed total thyroidectomy in 35 cases (49%), 
bilateral subtotal thyroidectomy in 13 (18%), lobec- 
tomy in 22 (30%), and simple resection of an intra- 
thoracic ectopic thyroid residue in 2 (3%). One pa- 
tient required emergency surgery for acute respira- 
tory insufficiency. Only 1 patient was intubated with 
the aid of a fiberscope. No patient required a trache- 
otomy. 


Histologic Study. The definitive histologic report 
was follicular adenoma in 18 cases (25%) and mul- 
tinodular goiter in 54 (75%). We found 3 occult car- 
cinomas (4%), including 2 papillary carcinomas and 
1 follicular carcinoma measuring between 0.1 and 
0.6 cm. 


Complications and Progress. There was 1 patient 
with permanent unilateral vocal cord paralysis (1.4%) 


and 1 patient with permanent hypoparathyroidism 
(1.4%). Both were patients with subtotal thyroidec- 
tomy. The permanent recurrent laryngeal nerve injury 
was in a patient with preoperative dysphonia; the 
intrathoracic goiter partly compressed the left recur- 
rent nerve. In spite of the identification of the nerve 
and meticulous dissection, the paralysis of the vocal 
cord persisted postoperatively. There was an iatro- 
genic pneumothorax in 1 case. Two patients required 
prolonged (48 hours) intubation due to respiratory 
problems. The mean follow-up was 10 years (range 
3 to 18), and we recorded no cases of recurrent goiter. 
Additionally, 2 of the 3 patients with carcinoma re- 
main asymptomatic; the other patient (with papillary 
carcinoma) shows cervical adenopathies. 


DISCUSSION 


The percentage of SSGs in relation to the total 
number of goiters varies considerably (1% to 15%), 
depending on the series, probably due to the differ- 
ences in definition. Following the Lahey Clinic cri- 
teria,° we regard as SSGs those that require dissection 
in the upper mediastinum for removal. This generally 
implies that most of the goiter is substernal, and this 
is the criterion used by Katlic et al.’ 


An SSG may originate from the growth of a cer- 
vical goiter toward the thorax, which is basically ex- 
plained by anatomic factors (development toward the 
least resistant area, the weight of the thyroid tissue 
itself, negative thoracic pressure, and even constitu- 
tional factors).8 It may also happen that in its growth 
the cervical connection becomes thinner, ending up 
as a fibrous tract that acts as a vascular pedicle and 
has the appearance of aberrant thyroid tissue.? The 
other possibility is that it is real ectopic thyroid tissue 
with no cervical connection, and with thoracic vascu- 
larization that may be located between the base of 
the tongue and the diaphragm due to alterations in 
the embryological migration of the thyroid.?-!2 Two 
of our cases had no connection with the cervical thy- 
roid; these were the only 2 of the 72 with a posterior 
mediastinal location. 


The most common symptoms in our series were 
respiratory difficulties, which were more severe in 
patients over 70 years old, as is consistent with other 
series.2613 Reports of hyperthyroidism range from 
0%3:’ to probably in excess of Crile’s 50%'4; we 
recorded 7%, in line with others.!5-!6 Superior vena 
cava syndrome is associated with mediastinal ma- 
lignant tumors in over 95% of cases!7; however, it 
can occasionally be associated with SSGs,!82! in 
which case a correct differential diagnosis becomes 
necessary. Remission with medical treatment is 
minimal!; 21% of our patients had received previous 
thyroxine treatment. 
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The possibility of an occult cancer is another rea- 
son for indicating surgery. We found 4% of our cases 
to be carcinomas — a ratio similar to that of other 
groups,>->:13,22-25 though no greater than that found 
in all other initially benign thyroid surgeries. Only 
Sanders et aló report 21% carcinomas. 


Advances in anesthetic techniques and the use of 
small-caliber endotracheal tubes facilitate proper 
perioperative management, even in patients with sig- 
nificant respiratory compression symptoms. In this 
series, only { patient was intubated with the aid of a 
fiberscope, without intubation being attempted in the 
conventional way. This caused a tracheal rupture, 
which was sutured during the operation; the patient 
showed favorable progress after surgery. 


Cervical incision is generally adequate, with few 
exceptions, such as very large posterior goiters, re- 
current goiters, or carcinomas requiring mediastinal 
dissection.?-3-5.23.26-28 In these cases, sternotomy is 
indicated. Thoracotomy is useful in cases of a pos- 
terior goiter,!2? and we used it in our 2 patients. As 
far as surgical technique is concerned, we performed 
total thyroidectomy in almost 50% of our patients. 


Our experience proved it does not increase compli- 
cations (no hypoparathyroidism or permanent recur- 
rent laryngeal nerve lesion in any of the 35 cases), it 
prevents recurrences, and in many cases it is techni- 
cally easier than a subtotal thyroidectomy. In order 
to avoid injuries to the recurrent laryngeal nerve, we 
recommend 1) systematic identification of the recur- 
rent nerve, 2) not enucleating the intrathoracic side 
of the goiter first, and 3) meticulous dissection to 
avoid stretching the nerve (this is more frequently 
found in the left side). 


Further, the rare cases with tracheomalacia sec- 
ondary to prolonged compression of the trachea 
caused by the mass need to be observed for postop- 
erative airway compromise.”4 Fifteen patients were 
over 80 years old, and no particular problems were 
observed in this group of elderly patients. 


Thus, in view of the low morbidity and zero mor- 
tality rates, we consider early surgical resection the 
most appropriate treatment in patients with SSG, 
even in the absence of compressive symptoms, since 
there is no other effective method to arrest the growth 
of the goiter and prevent acute airway obstruction. 
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THORACIC DUCT CYST: A CASE REPORT AND REVIEW OF 29 CASES 
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Cysts of the thoracic duct are rare. We report a case of a cervical thoracic duct cyst and review 29 thoracic duct cysts reported 
previously (19 mediastinal, 9 cervical, and 1 abdominal). The mean age of the patients was 47.6 years (range 17 to 86 years). 
Fourteen (46.7%) of the patients were asymptomatic. When symptoms were present, they ranged from retrosternal pain, dysphagia, 
and dyspnea to respiratory insufficiency and superior vena cava compression. Diagnosis of the cyst can be made after computed 
tomography or ultrasonography. The cystic fluid contains T lymphocytes and triglycerides in excess. The symptoms in a patient with 
a thoracic duct cyst are related to compression of adjacent structures. The most profound symptoms are likely to be produced by 

_ mediastinal cysts above the aortic arch, Treatment consists of surgical removal of the cyst and ligation of all lymphatics connected 


to the cyst. 
KEY WORDS — supraclavicular tumor, thoracic duct. 


INTRODUCTION 


Cysts of the thoracic duct are uncommon. Nine- 
teen cases of mediastinal thoracic duct cysts,!-!9 1 
case of abdominal thoracic duct cyst,2° and 9 cases 
of cervical thoracic duct cysts have previously been 
reported in the literature.2!-29 We describe a case of 
a cervical thoracic duct cyst and review the symp- 
toms of the 29 previously reported cases of thoracic 
duct cysts. The age, sex, and symptoms of the pa- 
tients and the locations of the cervical and mediasti- 
nal cysts are given in Tables 12!-29 and 2.!-19 


CASE REPORT 


The patient was a 49-year-old woman who had 
previously been healthy. She experienced swelling 
of the left side of her neck for the first time during a 
trip to the Middle East in 1992. This discomfort sub- 
sided when she returned home, but it recurred in May 


and July 1993. She was then admitted to another 
hospital. At ultrasonography, a 16 x 16-mm cyst was 
seen in the left supraclavicular region. She was given 
corticosteroids and the mass disappeared. In Octo- 
ber 1996, she was admitted to our hospital because 
of swelling of the left side of the neck and left arm 
and discomfort in breathing. 


On admission, a soft mass was palpated in the left 
supraclavicular region. At ultrasonography, a 16 x 
20-mm cystic lesion was detected at the junction of 
the left internal jugular and subclavian veins (Fig 
1). This was confirmed by computed tomography 
(Fig 2). Needle aspiration of the cystic content re- 
vealed milky fluid that contained a triglyceride level 
of 26 mmol/L, a cholesterol level of 1.6 mmol/L, 
and a protein level of 27 g/L, of which 26.2 g/L was 
albumin. The cell count of the cystic fluid was 0.8 x 
10° cells per liter. Microscopic analysis revealed that 


TABLE 1. REPORTS ON 10 CASES OF CERVICAL THORACIC DUCT CYST 




















Sex Age Location Symptoms Authors Year 
F 18 Right Asymptomatic Steinberg?! 1964 
F 76 Left Asymptomatic Barlow and Gracey?? 1965 
F 28 Left Supraclavicular pain Steinberg and Watson?3 1966 
F 55 Left Asymptomatic Kolbenstvedt and Aanese?4 1986 
M 17 Left Asymptomatic Arnault et al?5 1990 
F 63 Left, extending to mediastinum Asymptomatic Sakamoto et al?6 1991 
M 56 Left Asymptomatic Wax and Treolar2? 1992 
F 64 Left Sore throat, sense of pressure in neck Masuda et al?8 1992 
M 59 Left, extending to mediastinum Dyspnea, cough Okazaki et al?’ 1996 
F 49 Left Swelling of neck This report 
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TABLE 2. REPORTS ON 19 CASES OF MEDIASTINAL THORACIC DUCT CYST 
Sex Ave Location Symptoms Authors Year 
F 20 Hilus of right lung Substernal pain, dyspnea, cough Emerson! 1950 
M 42 Above diaphragm Epigastric pain Bakst? 1954 
M 35 Above diaphragm Chest pain Cohen and Kompaniez 1962 
M 43 Above aortic arch Asymptomatic Thomas et al? 1966 
F 46 Above diaphragm Asymptomatic Beasley and Mills® 1971 
Ẹ 35 Above aortic arch Respiratory insufficiency, superior Fromang et al® 1975 
vena cava compression 
M 42 Below aortic arch Postprandial retrosternal pain Cervantes-Peres and 1976 
Fuentes-Maldonado’ 
F 45 Above aortic arch Dyspnea Gowar® 1978 
F 56 Below aortic arch Asymptomatic Luosto et al’ 1978 
M 60 Hilus of right lung Asymptomatic den Otter!” 1979 
M 40 Below aortic arch Retrosternal pain, dysphagia, dyspnea Hori et al!! 1980 
| 49 Below aortic arch Eructation Tsuchiya et al!? 1980 
M 57 Below aortic arch Asymptomatic Morettin and Allen! * 1986 
F 27 Below aortic arch Asymptomatic Adachi et al!4 1989 
M 72 Above aortic arch, on right side Dysphagia Takahashi et al! 1990) 
M 86 Above aortic arch Severe dyspnea and cyanosis Mori et al!® 1992 
M 33 Above aortic arch Asymptomatic Muramatsu et al!7 1992 
M 45 Above aortic arch Asymptomatic Okabe et al! 1993 
M 57 Below aortic arch Retrosternal pain, cough Lamers and van Belle!” 1994 


the cells of the cystic fluid were lymphocytes and 
that neutrophils, macrophages, and epithelial cells 
were absent. Flow cytometric analysis showed that 
more than 99% of the lymphocytes were CD3-posi- 
tive T lymphocytes. Natural killer cells were absent. 
The high level of triglycerides and the result of the 
cellular analysis of the cystic fluid were highly sug- 
gestive of a thoracic duct cyst. 


An operation was planned. However, when the 
mass disappeared after aspiration, the patient refused 
to be operated on. In 6 weeks, the mass reappeared 





Fig |. Ultrasonography of cyst. Thoracic duct cyst (T), 
jugular vein (JUG), and carotid artery (C) are indicated. 


and the patient was again admitted for operation. At 
operation, the cyst was exposed by dividing the left 
sternocleidomastoid muscle above its insertion at the 
clavicle. We had given 100 mL of cream to the pa- 
tient orally 2.5 hours before the surgery to facilitate 
the location of the cyst at the operation. The cyst 
was located at the junction of the internal jugular 
and left subclavian veins, anteromedial to the ante- 
rior scalenus muscle. The cyst was multilocular, was 
38 x 25 x 20 mm in dimension, and contained milky 
lymphatic fluid. The wall of the cyst was thin com- 





Fig 2. Contrast-enhanced computed tomography of cyst. 
Thoracic duct cyst (T) can be seen below left sterno- 
cleidomastoid muscle, adjacent to jugular vein (J). 
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pared with the walls of several lymphatics, 0.5 to 3 
mm in diameter, connected to the cyst. The cyst was 
removed, and the connecting lymphatics were ligated 
with 3-0 Dexon. A vacuum drain was left in place 
for 4 days. The patient was kept on a low-fat diet 
during her stay in the hospital. After removal of the 
drain, some lymphatic discharge continued for 1 day. 
At reexamination 3 weeks postoperatively, the pa- 
tient had recovered uneventfully, with a well-healed 
operative wound. Microscopic analysis of the re- 
moved cyst was in agreement with the clinical diag- 
nosis of a thoracic duct cyst. 


DISCUSSION 


The thoracic duct originates from the cisterna chy- 
li, which drains the small lymphatics of the intes- 
tine. It runs upward to the right side of midline, to 
the level of the fifth or sixth thoracic vertebra, where 
it crosses to the left side to run between the aorta 
and the azygos vein. It enters the left side of the neck 
posterior to the innominate artery and arches 3 to 5 
cm above the clavicle, running anteriorly to the 
phrenic nerve, thyrocervical trunk, and subclavian 
artery. It lies posterior to the carotid artery, vagus 
nerve, and internal jugular vein in the majority of 
cases. It empties into the junction of the left subcla- 
vian vein and internal jugular vein.>° The wall of the 
thoracic duct is relatively thick in the thoracic re- 
gion. It contains collagenous and elastic fibers with 
a few longitudinally arranged smooth muscle fibers. 
The cervical portion is made up of a thin subendo- 
thelial layer of connective tissue without any inter- 
nal elastic lamina and a thin layer of smooth muscle 
fibers. The flow in the thoracic duct depends on sev- 
eral factors, including respiratory pressure changes, 
transmitted pulsations from adjacent vessels, and ac- 
tive peristaltic contractions of the duct. 


The causes of thoracic duct cysts are uncertain. 
Congenital weakness of the cystic wall and degen- 
eration due to infection or inflammation of the duct 
are thought to be causative factors.22-25.27 Obstruc- 
tion of the thoracic duct inlet into the vein may pre- 
dispose to cystic dilatation.?? In the present case, the 
cyst itself was very thin-walled macroscopically, and 
inflammatory changes were missing. No direct com- 
munication of the duct into the subclavian or inter- 
nal jugular vein was found at operation. Therefore, 
obstruction of the lymphatic flow and weakness of 


the ductal wall were the most probable causes of the 
cyst in the present case. 


Fourteen (47%) of 30 patients with a thoracic duct 
cyst were asymptomatic (Tables 1 and 2). If symp- 
toms related to the cyst were present, they were due 
to compression of adjacent structures. They ranged 
from retrosternal or substernal pain, dysphagia, cough, 
and dyspnea to respiratory failure with cyanosis!© 
or severe compression of the trachea and superior 
vena cava® (Table 2). Seven of the 10 patients with 
cervical cysts were female, but only 7 of the 19 cases 
with mediastinal cysts were female; however, gen- 
der did not statistically correlate with cervical or me- 
diastinal location (p = .064, Fisher’s exact test). Tho- 
racic duct cysts can also occur in the abdomen. Hvid- 
Jacobsen et al?° described a large, painless abdomi- 
nal cyst of 13 x 20 x 25 cm that simulated ascitic 
fluid in a 54-year-old man. Most of the cysts occur 
in patients 40 to 60 years of age. 


Diagnosis of the thoracic duct cyst can be made 
after puncture of the cyst. Aspiration of milky fluid 
confirms the nature of the cyst. The cystic fluid con- 
tains triglycerides in excess, and an analysis of the 
cells of the fluid reveals the presence of lympho- 
cytes and the absence of neutrophils, macrophages, 
and epithelial cells. Water-soluble contrast medium 
can be injected into the cyst and may visualize the 
cyst and the thoracic duct down to the lumbar level.?4 
Computed tomography and magnetic resonance im- 
aging are helpful for more accurate location of the 
cyst. In addition to malignancies, the differential di- 
agnostic possibilities include lateral (branchiogenic) 
or medial (thyroglossal duct) cysts and cystic hygro- 
ma. The presence of lymphocytes and triglycerides 
differentiates thoracic duct cyst from cystic hygroma, 
which is also lined by endothelium. 


The therapy is simple excision with ligation of 
the lymphatics connected to the cyst. Ligation of the 
thoracic duct itself is possible at any level. If it is 
accidentally transected, it can be ligated without any 
associated morbidity, since numerous anastomoses 
between the thoracic duct and the hemiazygos vein 
can receive the lymphatic drainage. In the previously 
reported cases, excision of the thoracic duct cysts 
resulted in cure without any adverse effects besides 
a self-limiting chylous leakage. This was also the 
case in our patient. 
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POSTNATAL DEVELOPMENT OF MYOSIN HEAVY CHAIN 
ISOFORMS IN RAT LARYNGEAL MUSCLES 
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The developmental transitions of myosin heavy chain (MHC) isoforms of rat posterior cricoarytenoid (PCA), thyroarytenoid 
(TA), cricothyroid (CT), and lateral cricoarytenoid (LCA) muscles were examined by means of sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis (SDS-PAGE) and Western blot techniques. The muscles were microscopically dissected from animals on 
postnatal days 0, 3, 7, 10, 14, 21, 28, 35, 45, and 55 and from adult animals. Silver-stained SDS-PAGE gels of each muscle were 
analyzed densitometrically to measure the composition of MHC isoforms, and Western blot was carried out to identify specific 
bands. Characterizations of the internal laryngeal muscles determined by the composition of MHCs were correlated with their 
function in the adult. Temporally, differentiation reflects onset of function. Differentiation of isoforms and transition to adult forms 
occur first in the TA muscle, followed by the PCA, LCA, and CT muscles. Expression of type IIL was observed only in muscles 
innervated by the recurrent laryngeal nerve. Postnatally observed developmental differences of myosin phenotypes suggest that 
regulation of MHC expression is influenced by neural activity or other environmental factors. 


KEY WORDS — development, laryngeal muscle, myosin heavy chain, sodium dodecyl sulfate—polyacrylamide gel electro- 
phoresis, Western blot. 


INTRODUCTION transition of MHC isoforms in rat intrinsic larynge- 
The intrinsic laryngeal muscles have different al muscles from birth to adulthood. Understanding 
functional roles and physiological characteristics. the developmental transition of MHCs in the intrin- 
Recent advances in the technique of gel electrophore- sic laryngeal muscles will give us insight into how 
sis make it possible to determine the composition of laryngeal motoneurons modulate their target muscles 
myosin heavy chains (MHCs). The MHC fiber type during the course of normal development and may 
determines the maximum contraction speed of a be applicable to study of nerve regeneration follow- 
given muscle fiber.1- The MHC phenotype, or rela- ing recurrent laryngeal nerve injury. This informa- 
tive composition of MHCs, reflects the physiologi- tion will also provide a better understanding of the 
cal demands on each specific muscle. Within the chronological sequence of laryngeal muscle matura- 
larynx, the MHC composition can be correlated with tion and the functional significance of this process. 
laryngeal function: airway protection, respiration, 
and phonation. Previous studies !° have character- MATERIALS AND METHODS 
ized MHC fiber types within laryngeal muscles. Mus- Tissue Preparation. Institutional guidelines, in ac- 
cles associated with glottic closure and airway pro- cordance with the Animal Welfare Act of 1966 and 
tection maintain predominantly fast fiber types, while all subsequent revisions, including those made in 
muscles with respiratory function maintain a mixed 1985 and National Institutes of Health guidelines, 
population of fast and slow fiber types.® The thyro- were followed for the handling and care of laborato- 
arytenoid (TA) muscle was shown to contain the su- ry animals. Sprague-Dawley rats were chosen as the 
perfast extraocular MHC in rabbits.!! In subsequent investigational species, as this animal has been used 
reports on MHC components in rat laryngeal muscle, extensively in our laboratory for related studies.!3.14 
the superfast extraocular fibers are referred to as type The ani i , 
TIL, 6,12 e animals were anesthetized with a lethal dose 
of sodium pentobarbital. Laryngeal muscles from 
In this study, we investigate the developmental each animal — posterior cricoarytenoid (PCA), TA, 
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cricothyroid (CT), and lateral cricoarytenoid (LCA) 
— were rapidly microdissected from animals on 
postnatal days 0, 3, 7, 10, 14, 21, 28, 35, 45, and 55 
and from adult animals (more than 115 days). A mini- 
mum of 4 rats were processed at each stage. 


SDS-PAGE. Muscle tissue was sonicated in relax- 
ing buffer containing 0.1-mol/L potassium chloride, 
5-mmol/L ethyleneglycoltetraacetic acid, 5-mmol/ 
L ethylenediaminetetraacetic acid, and 1-mmol/L di- 
thiothreitol, centrifuged, and prepared in sample buf- 
fer containing 150-mmol/L Tris, 4% sodium dodecyl 
sulfate (SDS), and 10% B-mercaptoethanol at pH 
6.8.'° Sodium dodecyl sulfate—polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed with a 
0.75-mm-thick 5.5% acrylamide—35% glycerol sepa- 
rating gel and a 3% acrylamide stacking gel. Run- 
ning conditions were set at 7 mA (constant current) 
for 22 to 24 hours, and the temperature was kept 
below 10°C.'® The running buffer was 0.3% Tris, 
1.44% glycine, and 0.1% SDS.° The gels were devel- 
oped with silver stain to visualize the protein bands 
by means of the Silver Stain Plus Kit (Biorad, Her- 
cules, Calif). The stained gels were recorded and ana- 
lyzed densitometrically with NIH image 1.58f soft- 
ware (Scientific Computing Resource Center, Be- 
thesda, Md). 


Western Blot. Western blotting was carried out on 
the protein bands obtained from the SDS-PAGE gel 
for identification of specific bands. The protein bands 
were transblotted onto a polyvinylidene difluoride 
membrane at 35 mA for | hour at 4°C.!7 The mem- 
branes were blocked for | hour in blocking buffer 
(5% nonfat dry milk in Tween 20 in Tris-buffered 
saline) prior to antibody staining. Antibodies specif- 
ic for MHCs (A4.840, A4.1519, N1.551, A4.74, 
A4.1025, N3.36, and F1.652)!'*-? were diluted 1:3 
or 1:4 in blocking buffer immediately before incu- 
bating with membranes for 2 hours at room temper- 
ature. Membranes were washed and incubated with 
alkaline phosphatase—labeled goat anti-mouse Ig an- 
tibodies (Southern Biotechnology Associate, Bir- 
mingham, Ala) diluted 1:1,000 in blocking buffer 


N1.551 


HA 


Fig 1. Representative results of Western blots 
of adult posterior cricoarytenoid (PCA) muscle. 
I — type I myosin heavy chain (MHC); ITA — 
type HA MHC; IIB — type IIB MHC; IIL — 
type ITIL MHC; HX — type HX MHC. 


-] 


for 45 minutes at room temperature. Membranes 
were then washed and developed with an alkaline 
phosphatase conjugate substrate kit (Biorad). 


All monoclonal antibodies were developed by H. 
M. Blau!*-*? and were obtained from the Develop- 
mental Studies Hybridoma Bank maintained by the 
Department of Pharmacology and Molecular Scienc- 
es, Johns Hopkins University School of Medicine, 
Baltimore, Md, and the Department of Biological 
Sciences, University of Iowa, Iowa City, Iowa, un- 
der contract NOI-HD-2-3144 from the NICHD. 


RESULTS 


Identification of MHC Bands. Identification of the 
MHC bands was determined by silver-stained SDS- 
PAGE gel and Western blot techniques. Previous re- 
ports have identified each myosin band with the SDS- 
PAGE technique.!®-!723-7 The slowest-migrating 
band is type ILA. Type IIX, neonatal-embryonic type, 
and type IIB follow sequentially. The fastest-migrat- 
ing band is type I. Type IIL, discovered recently, falls 
between types IIB and 1.6 The order of migration in 
this study, from top to bottom, is ITA, HX, neonatal- 
embryonic, IIB, and I, as is consistent with previous 
reports.?526 Localization of specific MHC bands was 
also confirmed in this study by Western blot. The 
sequence differs from that reported by Termin et al,?4 
wherein the embryonic band separates between ITA 
and IIX. The observed difference in separation may 
be explained by differences in the separating gels. 
Termin et al utilized a gradient gel (5% to 8%), and 
a 5.5% acrylamide + 35% glycerol gel was applied 
in the present study. Comigration of embryonic and 
neonatal bands has been reported previously on a 
5% acrylamide separating gel.*° 


Representative results of Western blots are shown 
in Fig | for adult PCA muscle. Antibodies A4.840, 
A4.1519, N1.551,A4.74, and A4.1025 were applied 
to transblotted membrane and are shown with the 
corresponding silver-stained gel. According to Cho 
et al,! immunostaining of type IA occurs with 
A4.1519, N1.551, and A4.74. Weak staining of type 
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Fig 2. Representative results of Western blot and silver- 
stained gel demonstrating developmental transition in 
PCA muscle. N/E — neonatal and embryonic MHC. 


IIX occurs with N1.551 and A4.74, but not with 
A4.1519. Weak reactivity with type IIB occurs with 
A4.1519, but not with N1.551 or A4.74. Immuno- 
staining of type I occurs with A4.840.?? Type IIL is 
identified with A4. 1025, which reacts with all MHCs. 
Type IIL does not immunostain with A4.1519, 
N1.551, A4.74, and A4.840 antibodies. Antibody 
F1.652 reacts with embryonic MHC, while N3.36 
reacts with neonatal and adult fast fiber types. 


Figure 2 is an example of Western blots and the 
corresponding silver-stained gel demonstrating de- 





velopmental transition in the PCA muscle. With 
F1.652, embryonic MHC is recognized from day 0 
to day 7 and is not detectable at day 10. With N3.36, 
neonatal and adult fast MHCs are recognized in all 
the periods. Antibody A4.74 demonstrates reactiv- 
ity with type IIA and/or IIX on day 7. A very light 
band is seen on the membrane of A4.74 at day 7. 
Antibody A4.1519 reacts strongly with ILA and re- 
acts weakly with IIB. Emergence of IIA and IIB oc- 
curs on day 10 and day 14, respectively. However, 
by SDS-PAGE, both IIX and IIB can be seen at day 
3. The positive band on A4.1519 at day 0 is thought 
to be a transitional MHC, previously described by 
Cho et al,!8 appearing early in development and dis- 
tinct from both F1.652 (embryonic)—positive and 
N3.36 (neonatal)—positive MHC bands. Antibody 
A4.840, which reacts with type I, appears from day 
0 to adulthood. Very slight cross-reactivity with fast 
MHCs is seen on this blot. 


Developmental Transition of MHC. Representa- 
tive samples of SDS-PAGE gels for the PCA, TA, 
CT, and LCA muscles (day 0 to adulthood) are shown 
in Figs 3-6. The graphs next to each SDS-PAGE gel 
(Figs 3-6) demonstrate percent MHC composition 
of all samples analyzed densitometrically. In PCA 
gels, separation of ILA and IX permitted measure- 
ment of both fiber types independently. In CT and 
LCA gels, incomplete separation of IIA and IIX oc- 
curred, and IIA and IIX are therefore measured as | 
band. In the Table, the adult phenotypes of the PCA, 
TA, CT, and LCA muscles are also shown. 


In the PCA muscle, heavy neonatal-embryonic and 
light type I bands are seen on day 0 (Fig 3). Types 
IIB and IIX are apparent on day 3 and reach adult 
levels at day 21 and day 10, respectively. Type IIA 
appears on day 10 and reaches the adult level on day 
14. The neonatal-embryonic component decreases 
gradually and is undetectable on day 14. (By West- 
ern blot the embryonic band is undetectable on day 
10, whereas the neonatal persists up to day 10.) Type 
IIL appears on day 10 and reaches the adult level on 
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Postnatal day 


Fig 3. PCA muscle. A) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels of representative samples 
of PCA muscle from day 0 to adulthood. Numbers at bottom indicate postnatal days. Molecular weight marker (200 KD) is 
shown in first lane on left. B) Densitometric analysis of relative percentage of each MHC component of PCA muscle at given 


postnatal days (mean + SE). 
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Fig 4. Thyroarytenoid (TA) muscle. A) SDS-PAGE gels of representative samples of TA muscle from day 0 to adulthood. 
Numbers at bottom indicate postnatal days. Molecular weight marker (200 KD) is shown in first lane on left. B) Densitomet- 
ric analysis of relative percentage of each MHC component of TA muscle at given postnatal days (mean + SE). 


day 21. From day 21 to adulthood, there is little de- 
monstrable change in myosin phenotype expression. 


In the TA muscle, heavy neonatal-embryonic and 
light type IB, HL, and I bands are already present 
on day 0 (Fig 4). The type I band decreases gradual- 
ly and is undetectable by day 28. This band does not 
react with anti-slow antibody (A4.840) and may rep- 
resent an immature or different type 1 MHC sub- 
type.22 The neonatal-embryonic band is not detect- 
able on day 14. (By Western blot, the embryonic band 
is undetectable on day 10.) Types IIB and HL reach 
the adult level on day 14 and day 10, respectively. 
Type IIX appears on day 3 and reaches the adult level 
on day 10. From day 28 through adulthood, there is 
no demonstrable change in myosin phenotype. Type 
HA MHC is not detectable in rat TA muscle. 


In the CT muscle, heavy neonatal-embryonic and 
light type I bands are observed from day 0 to day 3 
(Fig 5). On day 7, IIX appears, followed by IIA and 
IIB on day 10. The neonatal-embryonic band is unde- 
tectable at day 21. (By Western blot, the embryonic 
band is undetectable at day 14.) From day 21 to adult- 
hood, there is no demonstrable change in myosin phe- 


notype. Type IIL is not observed during any stage of 


development of the CT muscle. 


In the LCA muscle, heavy neonatal-embryonic and 
light type I bands are observed on day 0 (Fig 6). 
Type IX appears on day 3, and type HA, IIB, and 
IIL components appear on day 10 (Fig 6). The neo- 
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natal-embryonic band is undetectable on day 21. (By 
Western blot, the embryonic band is undetectable on 
day 10.) From day 21 to adulthood, there is no de- 
monstrable change in myosin phenotype. 


The adult MHC phenotypes for rat PCA, TA, CT, 
and LCA muscles are described in the Table and 
shown as the relative percentages of MHC expressed. 
Notable differences in MHC expression include ab- 
sence of type I and type IIA fibers in the TA muscle, 
and absence of type IIL in the CT muscle. The high- 
est percentage of IIL is observed in the TA muscle. 
Both the PCA and LCA muscles express the entire 
spectrum of MHCs. 


DISCUSSION 


Adult Phenotype of Internal Laryngeal Muscles. 
The MHC type determines the maximum contrac- 
tion speed of a given muscle fiber.'> Type I fibers 
have slow-contracting and fatigue-resistant charac- 
teristics.? Type II fibers have fast-contracting char- 
acteristics. Among type II fibers, HA has a high oxi- 
dative enzyme capacity and a fatigue-resistant char- 
acter, and IIB is easily fatigable.2? Type IX has an 
intermediate resistance.?? The MHC composition in 
rat PCA and TA muscles has recently been studied 
by adenosinetriphosphatase staining, immunohisto- 
chemistry, and SDS-PAGE.® The PCA muscle ex- 
presses types IIA/ILX (incomplete separation), IIB. 
IIL, and I, and the TA muscle expresses types IA/ 
IIX, IIB, and IIL.° Type IIL is considered to be the 
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Fig 5. Cricothyroid (CT) muscle. A) SDS-PAGE gels of representative samples of CT muscle from day 0 to adulthood. 
Numbers at bottom indicate postnatal days. Molecular weight marker (200 KD) is shown in first lane on left. B) Densitomet- 
ric analysis of relative percentage of each MHC component of CT muscle at given postnatal days (mean + SE). 
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Fig 6. Lateral cricoarytenoid (LCA) muscle. A) SDS-PAGE gels of representative samples of LCA muscle from day 0 to 
adulthood. Numbers at bottom indicate postnatal days. Molecular weight marker (200 KD) is shown in first lane on left. In 
this composite gel, adult IIL appears artificially as doublet. In individual gels, IIL in adult LCA muscle appears as single band 
B) Densitometric analysis of relative percentage of each MHC component of LCA muscle at given postnatal days (mean + 


SE). 


same as or similar to type EOM, a superfast MHC 
found in extraocular muscles in rabbits and rats.!!-12 


Our results (see Table) show the MHC composi- 
tion of the internal laryngeal muscles to be predomi- 
nately fast-contracting (IIA, IIB, and IX). The com- 
position of types I and IIL further characterizes each 
muscle. For example, the CT muscle has the largest 
percent composition of type I MHCs, followed by 
the PCA and LCA muscles. The TA muscle does not 
express type I; however, the TA muscle has the larg- 
est percent composition of type IIL, followed by the 
PCA and LCA muscles. The CT muscle does not ex- 
press type IIL. 


The MHC composition can be correlated with 
muscle function. The PCA muscle requires fatigue 
resistance in order to function continuously during 
the respiratory cycle as an abductor and would be 
expected to have a relatively larger composition of 
type I MHC and a smaller percentage of type IIL 
MHC. Conversely, the protective function of the ad- 
ductor muscles would be enhanced by a relatively 
larger proportion of superfast IIL and IIB MHCs, as 
seen in the TA muscle. This composition of MHCs 
may be more suitable for a protective function, rather 
than phonation and swallowing. Another main adduc- 
tor, the LCA muscle, has a relatively larger composi- 
tion of type I and smaller composition of type IIL 
when compared to the TA muscle, which may re- 
flect specialization of function during phonation and 
swallowing. The CT muscle contains the largest com- 


position of type I and does not express type IIL. The 
higher concentration of type I MHC observed in the 
CT muscle is consistent with respiratory function, 
shared with the PCA muscle. Previous studies,*”*4 
investigating the contraction properties of intrinsic 
laryngeal muscles in various animals, are consistent 
with our findings. The fastest contraction times are 
observed in the TA muscle, and the slowest are seen 
in the CT muscle. The LCA muscle has also been 
shown to have a slower contraction time relative to 
the TA muscle.*? 


The absence of expression of type IIL in the CT 
muscle is notable. The CT is the only muscle stud- 
ied that is innervated by the superior laryngeal nerve. 
All other muscles expressing type IIL are innervated 
by the recurrent laryngeal nerve. This observation 
supports the concept that the motoneuron may in- 
fluence MHC isoform expression during develop- 
ment. In contrast, Hoh and Hughes** reported that 
expression of superfast MHCs in regenerating cat 
jaw muscle was independent of innervation and was 
more likely determined by cell lineage. Further in- 
vestigation is necessary to establish a relationship 
between the motoneuron and expression of super- 
fast MHCs in specific laryngeal muscles. 

Developmental Transition of MHCs. Transition of 
MHC isoforms in skeletal muscle during postnatal 
development has been studied in rat soleus muscle 
by SDS-PAGE and Western blot techniques.’ Slow 
MHC is present in the soleus muscle at all time points 


ADULT PHENOTYPES OF LARYNGEAL MUSCLES AS RELATIVE PERCENTAGES OF 
MYOSIN HEAVY CHAIN EXPRESSED 











Muscle Type I Type IIA Type IIX Type LIB Type HL 
PCA 6.5% + 0.7% 12.0% + 2.0% 26.8% + 2.2% 46.3% + 2.3% 8.3% + 1.2% 
TA 0% o% 21.8% 2.1% 55.6% + 3.0% 22.9% + 1.1% 
GT 8.5% + 1.2% 77.8% t 3.4%* 16.7% + 3.2% 0% 
LCA 5.3% + 0.7% 52.7% + 7.4%* 34.6% + 5.7% 7.3% + 2.2% 


Data are mean + SE. 


PCA — posterior cricoarytenoid, TA — thyroarytenoid, CT — cricothyroid, LCA — lateral cricoarytenoid. 


*Type ILA + type IIX. 
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examined, whereas the neonatal MHC diminishes 
in quantity between 2 and 3 weeks and is undetect- 
able in the adult. Myosin isoform transitions occur 
sequentially from embryonic to neonatal to adult fast 
fiber types.35 A similar pattern of development with 

“sequential change from embryonic to neonatal to 
adult fast fiber types can be seen in our study. The 
disappearance of, type I MHC during the course of 
TA development observed in this study suggests that 
slow fibers may also be influenced by environmen- 
tal factors during postnatal development. This obser- 
vation has not been previously reported. The type I 
band detected on the TA SDS-PAGE gel is not reac- 
tive with anti-slow antibody (A4.840) and may repre- 
sent an immature fiber type or a different subtype of 
type I MHC as reported by Hughes et al.22 


Myoblast differentiation is a complex process that 
appears to be influenced not only by cell lineage but 
also by external environmental factors.?036 Cell line- 
age may predominate during early stages of develop- 
ment, when initial myoblast migration occurs.36 Sub- 
sequent MHC expression appears to be influenced 
by the local environment and may occur indepen- 
dent of nerve-muscle interaction.”° By use of geneti- 
cally marked myoblasts in vivo, myoblast clones in 
developing postnatal rat muscle have been shown to 
contribute to the entire spectrum of fast and slow 
fiber types.?° Extrinsic signals appeared to override 
any predetermined commitment of myoblasts to fol- 
low a specific sequence of phenotype expression.2° 
Subsequent changes in MHC expression and fiber 
patterns as a result of neural influence have not been 
defined. 


Brozanski et al6 studied the expression of MHCs 
in the rat during postnatal development and demon- 
strated temporal differences in transition of MHC 
isoforms between the genioglossus and diaphragm 
muscles. Neonatal MHC in diaphragm muscle can 
be detected up to day 21 and is found in genioglos- 
sus muscle up to day 25. LaFramboise et al?” stud- 
ied myosin isoforms in neonatal rat extensor digi- 
torum longus, diaphragm, and soleus muscles. Their 
electrophoretic analysis of native myosin revealed 
that neonatal bands were undetectable from day 21 
in extensor digitorum longus, and from day 30 in 
diaphragm muscle. The rate of elimination of neona- 
tal MHC was fastest in extensor digitorum longus 
muscle, intermediate in diaphragm muscle, and slow- 
est in soleus muscle. Similar, although earlier, transi- 


tions of myosin isoforms were observed in our study. 
In laryngeal muscle, neonatal MHC bands are unde- 
tectable on day 14 in the TA and PCA muscles and 
undetectable on day 21 in the LCA and CT muscles. 
Observed developmental differences of myosin phe- 
notypes suggest that regulation of MHC expression 
is influenced by neural activity or other environmen- 
tal factors. 


Transition of muscle phenotypes from embryonic 
to adult isoforms can also be correlated with function- 
al maturation. The TA muscle expresses the greatest 
degree of MHC isoform differentiation at birth, 
which may be influenced by in utero swallowing ac- 
tivity. The PCA muscle follows the TA in degree of 
MHC isoform differentiation and precedes both the 
LCA and CT muscles. Respiratory function, essen- 
tial at birth, may necessitate early differentiation. The 
relative lag in LCA and CT transition may signify 
delayed functional challenges or environmental 
changes associated with respiratory function and air- 
way protection. Whether these MHC isoform transi- 
tion patterns are modulated by the prenatal and post- 
natal activity levels or simply represent temporal dif- 
ferences in nerve-muscle interaction cannot be deter- 
mined by our observations. Further investigations at 
a molecular level, exploring gene regulation in rela- 
tion to nerve-muscle interaction, will be necessary 
to answer this question. 


CONCLUSIONS 


1. The composition of laryngeal muscle MHCs 
is correlated with muscle function in the adult rat. 


2. Temporally, muscle differentiation reflects on- 
set of function. Differentiation of isoforms occurs 
first in the TA muscle, followed by the PCA, LCA, 
and CT muscles. 


3. Expression of type IIL is observed only in mus- 
cles innervated by the recurrent laryngeal nerve. 


4. Although cell lineage may impact early stages 
of myoblast differentiation, postnatally observed de- 
velopmental differences of myosin phenotypes sug- 
gest that regulation of MHC expression is influenced 
by neural activity or other environmental factors. 


Future studies will be directed toward gene regula- 
tion of nerve-muscle interaction and mechanisms by 
which the superior and recurrent laryngeal nerves 
influence fiber type expression. 
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CERVICAL ANATOMY OF PHRENIC NERVE ROOTS IN THE RABBIT 


JEAN-PAUL MARIE, MD 


YANNICK LEROSEY, MD 
MARC TADIE, MD, PHD 


DANIELE DEHESDIN, MD 
JEROME ANDRIEU-GUITRANCOURT, MD 


ROUEN, FRANCE 


The cervical anatomy of the different nerve contributions that constitute the phrenic nerve (phrenic nerve roots and accessory 
phrenic nerve) were studied in rabbits. In 55 dissections, 6 main root arrangement types were observed. The roots that issued from 
the fourth and fifth cervical nerves (C4 and CS roots) were constant. The C4 root was either short or long. The C6 root was at times 
absent, or sometimes double. An accessory phrenic nerve was present in 43% of the right and 28% of the left dissections. The 
distribution of the phrenic nerve roots often displayed left-right asymmetry. We conclude that a better knowledge of the cervical 
anatomy of the phrenic nerve is useful both in physiological studies involving diaphragm denervation and in experimental laryngeal 


reinnervation. 


KEY WORDS — cervical anatomy, phrenic nerve, rabbit. 


INTRODUCTION 


The phrenic nerve has previously been used for 
experimental laryngeal reinnervation.!? The rhyth- 
mic inspiratory firing of this nerve makes it ideal for 
neurotization of the posterior cricoarytenoid (PCA) 
muscle. In addition to the problem of functional rein- 
nervation of the larynx, hemidiaphragmatic paraly- 
sis induced by phrenicotomy prevents routine appli- 
cation of this technique in humans. Interest has been 
reported in other nerves such as the ansa hypoglos- 
si, the resection of which does not create a severe 
handicap.!0-!2 However, the lack of firing of the ansa 
during quiet breathing is an obstacle to its applica- 
tion as a source for PCA muscle reinnervation. 


In order to use the phrenic nerve as a possible nerve 
transplant in humans, it would be necessary to pre- 
serve functional motoneurons for the hemidiaphragm. 
One solution might be the use of only some of the 
roots of the phrenic nerve.>-7-? Theoretically, the ac- 
cessory phrenic nerve (APN) could also be used. 


Thus, we undertook a series of animal experiments 
in order to study the functional consequences of re- 
section of 1 or a few roots of the phrenic nerve,!3.14 
and to study the possibility of muscular neurotization 
using only 1 phrenic nerve root (PNR).!5 Rabbits 
were chosen for these experiments. Their phrenic 
nerves are mainly constituted by 3 cervical roots, as 
is the case in dogs and humans. Rabbits have been 
extensively used in physiological studies and are not 
expensive. However, since the anatomic arrangement 





of the PNRs in the rabbit has been poorly described 
in the literature, it soon became apparent that it would 
be necessary to examine these nerves in some de- 
tail. 


MATERIAL AND METHODS 


Forty-nine New Zealand rabbits (Charles River, 
France) weighing 1,500 to 4,000 g were included in 
this study. Fifty-five cervical dissections were per- 
formed: 37 on the right side and 18 on the left side, 
of which 6 were bilateral dissections. They were per- 
formed either on animals anesthetized with ketamine 
hydrochloride (12.5 mg/kg) and chlorpromazine hy- 
drochloride (0.625 mg/kg) before resection of the 
PNRs, or just after sacrifice. The experiments were 
carried out in accordance with French laws concern- 
ing the use of animals in experimental research. 


Each animal was supine, with the head and upper 
limbs extended. After shaving from the submental 
region to the sternum, a median cervicotomy was 
performed. Then, the superficial fascia was incised. 
The sternocephalic muscle was resected, and the ster- 
nocleidomastoid muscle was exposed on the back 
side. The external jugular vein was separated exter- 
nally, and the anastomosis with the internal jugular 
vein was coagulated. The neck was exposed down- 
ward as far as the clavicle and the pectoral muscles, 
which were then resected. The phrenic nerve and the 
PNRs were exposed on the ventral scalene muscles. 
(The branches from the ventral primary rami of the 
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Fig 1. Schematic representation of phrenic nerve root arrangements. Branches issuing from ventral rami of fourth, fifth, 
and sixth cervical nerves (C4, C5, and C6) are termed phrenic nerve roots, They join to constitute main phrenic nerve. 
Dotted line is accessory phrenic nerve (APN). See explanation in text. A) Types Ia and Ib are differentiated by length of 


C4 root. B) Types Ia and IIb. C) Types Ma and MIb. 


cervical nerves that constitute the phrenic nerve were 
termed PNRs by analogy to the terminology used 
for the brachial plexus or the ansa hypoglossi in hu- 
mans.) 


In living animals, identification of the PNR was 
controlled by the abdominal motion induced by an 
electric stimulation of 2.5 pulses per second of 0.1- 
mA intensity (nerve stimulator GN 15, Aesculap, 
Tuttlingen, Germany). In dead animals, the PNRs 
were located in a retrograde manner from the phrenic 
nerve trunk (PNT). Dissection of the different roots 
was then carried out with the help of an operating 
microscope (Zeiss, Germany) and microsurgical in- 
struments. The same dissection procedure was per- 
formed on the right and left sides. 


The following points were investigated: 1) the ori- 
gin of the PNRs (which ventral primary rami of the 
cervical nerve), 2) the modalities of anastomosis be- 
tween PNRs, and 3) the presence (or absence) of an 
APN. In this study, an APN was defined as a branch 
of a cervical nerve that, after a common route, joins 
the main phrenic nerve below the neck or in the up- 
per thorax, at least 1 cm lower than the projection of 
the sixth cervical nerve or below the level of the clav- 
icle. Therefore, the phrenic nerve was exposed for 3 


cm beside the sixth cervical nerve. Statistical analy- 
sis was performed with Pearson %? tests. 


RESULTS 


Six types of PNR arrangements were observed. 
In type I (Fig 1A), the highest root originated from 
the fourth cervical nerve (C4). An anastomosis was 
observed between branches originating from the fifth 
and sixth cervical nerves (C5 and C6), which join to 
form a common branch that becomes a root for the 
phrenic nerve, which then connects to the root is- 
suing from C4, thus constituting the phrenic nerve 
(Fig 2A). An APN in some cases joined the phrenic 
nerve about 1 cm or more below the C6 level (Fig 
2B). 


Depending on the level at which the C4 root joined 
the C5 root, we distinguished type Ia (Fig 1A), in 
which the C5 root was joined above the C6 level 
(short root), and type Ib (Fig 1A), in which the C5 
root was below the C6 level (long root). The exact 
length of the root was not measured. 


In type II (Fig 1B), an additional short root issu- 
ing from C6 completed the above-mentioned ar- 
rangement (type I). Depending on the length of the 
C4 root, 2 types were observed: type Ia, with a short 
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Fig 2. Dissection of right phrenic nerve of type Ia with APN. PNT — phrenic nerve trunk. A) General 
view. B) Detail. 


root, and type IIb, with a long root, joining the phren- 
ic nerve below the root from C6. An APN was also 
occasionally present. 

In type III (Fig 1C), the 3 roots originating from 
C4, C5, and C6 had longer separate routes, eventually 
joined by an APN. Depending on the length of the 
C4 root, 2 types were described: type Hla, with a 
short root, and type IIb, with a long root, joining 
the phrenic nerve below the roots from C5 and C6. 


The Table displays the frequencies (percentages) 
of the different types of root arrangements and APNs 
encountered in 55 cervical dissections. Type la (Fig 
1A) was significantly encountered most frequently, 





in 51% of the cases on the right side and in 44% of 
those on the left side; there was no significant differ- 
ence (NS) between right and left sides. An APN was 
often found, respectively in 58% and 50% of these 
cases (NS). Whatever the type of root arrangement 
encountered, according to the definition mentioned 
in Material and Methods, the APN was present in 16 
of 37 right dissections (43%) and in 5 of 18 left dis- 
sections (28%; NS). 


On the right side, the APN originated from C6 in 
12 of 16 cases (75%), from C7 in | case, and from 
the nerve anastomosis between C6 and C7 (C6-C7) 
in | case. In 2 cases, the real origin was not deter- 


DIFFERENT TYPES OF PHRENIC NERVE ROOT ARRANGEMENTS OBSERVED 


Right Side 


Left Side 





Total PN Dissections 


Types of Arrangements No. % No. 
Type Ia 19 51+ 11 
Type Ib 4 11 3 
Type Ha 5 14 l 
Type Hb 4 11 0 
Type Hla 4 11 | 
Type IIb l 3 0 
Total 37 100 16 


PN — phrenic nerve, APNs — accessory phrenic nerves. 
*Of PN dissections, 


Total APNs Present 


Total PN Dissections Total APNs Present 


he No. % No, %* 
58 8 44 4 50 
75 3 17 0 0 
20 3 17 l 33 
0 2 11 0 0 
25 0 0 () 0 
0 2 11 0 0 
43 18 100 5 28 


*Significantly more frequently found than other types on same side (p < .05) 
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mined. On the left side, the APN originated from C6 
in 3 of 5 cases, and from C6-C7 in 1 case. A bilateral 
cervical dissection was performed in 6 animals, and 
an identical arrangement of both roots and APNs was 
found in only 2 cases (33%). However, the number 
of rabbits was too small to conclude a significant 
asymmetry. 


In right and left dissections, the C4 root was con- 
stant on both sides. The C5 root was also constant, 
either united to the C6 cervical nerve or isolated 
(types Ma and IIb). 


The nerve contribution originating from C6 was 
sometimes absent (types Ia and Ib when the APN 
was absent): 9 of 37 (24%) on the right side and 7 of 
18 (39%) on the left side. The C6 root was some- 
times unique (types Ia and IIb; or Ma and Ib, when 
no APN was found): 12 of 37 (32%) on the right 
side and 6 of 18 (33%) on the left side. In types Ia 
and Ib, the C6 root was sometimes replaced by the 
APN if present (14 of 37 on the right side and 4 of 
18 on the left side). The C6 contribution was thus 
unique in 26 of 37 cases (70%) on the right side and 
10 of 18 cases on the left side (56%). 


The C6 contribution was rarely double (types Ha 
and Ilb; or types Ia and IIIb, when an APN was 
present). This occurred in 2 of 37 cases (5%) on the 
right side and 1 of 18 cases (6%) on the left side. 


DISCUSSION 


In rabbits, we found that the PNRs are constantly 
supplied by ventral rami from cervical nerves C4 
and C5, or from an anastomosis between C5 and C6; 
the contribution originating from C6 was not con- 
stant, but sometimes double when an APN was pres- 
ent. Three types of root distribution could be de- 
scribed: types I, IJ, and III. Each type could be divid- 
ed into 2 groups.depending on the length of the C4 
root. According to the definition we have used, an 
APN was found in many cases, originating mostly 
from C6, sometimes from C6-C7, and rarely from 
C7; it was present in about half the cases, most fre- 
quently in the type Ia root distribution. Although the 
difference was not significant, an APN was encoun- 
tered more frequently on the right side than on the 
left side. Bilateral dissections often showed a lack 
of symmetry in the arrangement of the PNRs. 


The rabbit was chosen because other studies (de- 
nervation and reinnervation) have been performed 
on this common experimental animal. Precise mea- 
surements of the PNRs were not made, but we dis- 
tinguished between long and short roots, and ascer- 
tained whether a common branch issued from the 
roots, bearing in mind the possibility of its use as a 


nerve transfer.'5 Thoracic dissections and denerva- 
tion experiments in our laboratory have shown the 
rarity of thoracic roots of the phrenic nerve. Conse- 
quently, the present study was restricted to the in- 
vestigation of cervical roots of the phrenic nerve. 


We labeled as APNs each nerve contribution of 
the phrenic nerve that had a course different from 
that of the trunk, that originated from a branch of a 
cervical nerve after it had followed a common route, 
that had a point of junction with the phrenic nerve 
low in the neck or in the thorax, or that was an addi- 
tional root. This concept is usually applied to a nerve 
in humans that contributes to the phrenic nerve and 
originates in the subclavian nerve. However, this 
point of view is controversial. 


In fact, when the APN originates from C6, it could 
be considered as simply a root for the phrenic nerve 
(as in type IIa or IIb). The difference is only the length 
of the root and the length of the cervical nerve be- 
fore it branches to form the PNR. In type Ia, this 
nerve branch originated externally and had a long 
cervical route before joining the trunk; it was termed 
an APN. In type Ia or IIb, this root was very short 
and immediately joined the trunk; it was termed the 
C6 root. Thus, the APN appellation was able to be 
reserved for an additional root from a cervical nerve. 
Such additional roots were present in 5% and 6%, 
respectively, of our right and left dissections, in types 
Ha and Ma, coming from C6. Thus, “accessory root” 
of the phrenic nerve (in contrast to main roots from 
C4, C5, and C6) would be a better term, as proposed 
by Rajanna!© for humans. 


The C4 root, when it was long and joined the PNT 
below C6, could have been considered an APN, as it 
was called by Rikard-Bell and Bystrzycka.!? This 
distribution was encountered in types IIb and IIIb, 
ie, in 14% on the right side and in 22% on the left 
side. In these cases, no double root of C6 was en- 
countered. We did not call it an APN because of the 
constancy of the C4 root, because of its early origin 
from the C4 nerve, and by analogy with the human 
terminology. Under this system of classification, it 
would be better to term as a long root the roots of 
the phrenic nerve coming either primarily from C6 
(right 43%; left 28%) or from C4 (right 14%; left 
22%). These long roots are of great surgical interest, 
because they can be transposed far away in the neck 
(higher, if it is a long root from C4). 


The root arrangement of the phrenic nerve has 
been poorly investigated in rabbits. Whitehouse and 
Grove!8 and Barone et al!’ described the phrenic 
nerve as originating from C4, C5, and C6, without 
information about the root organization or the APN. 
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Authors who have studied the intraspinal location 
of the phrenic nucleus!72° described the same root 
origins, but C4 was not constant, according to Rik- 
ard-Bell and Bystrzycka.!7 However, we did not con- 
firm these observations. 


The most precise description was carried out by 
Turner?! in 1913, who performed bilateral dissec- 
tion of the PNRs in 33 rabbits: “Different individu- 
als and the two sides of a single animal may vary in 
the number of phrenic roots and in their place of 
union. There are usually three roots, one each from 
the fourth, fifth, and sixth cervical nerves, but there 
may be two or four. When only two roots were found 
they were from the fourth and the fifth cervical 
nerves. The fifth root is often though not always the 
largest phrenic component. The sixth phrenic root 
presents the greatest variation as it may be single or 
double, long or short. When it leaves the sixth cervi- 
cal nerve a centimeter or more farther out it will be 
called ‘long’ because in these cases its course is usu- 
ally a loop, laterally extended, across the seventh 
nerve, and its union with the other phrenic roots is 
far or farther back than the seventh nerve. In some 
cases both short and long roots were found.”21(P66) 
Our findings agree with the observations of Turner. 
In our study, the long root of C6, when double, was 
labeled an APN. 


In other species and humans, a similar organiza- 
tion can be found. In cats, most authors state that the 
PNT comes from C5, C6, and C4,17.20.22 without be- 
ing precise about the root distribution or APN. In 14 
phrenic nerve dissections, Turner?! found that the 
root originated from C5 and C6, except in 1 left- 
sided case with a small root from C4. The union point 
was not constant; the PNT could have a long route 
in the cervical area or be only in the thorax. 


In dogs, according to most investigations, the roots 


come from C5, C6, and C7?!.23.24; the APN, if pres- 


ent, comes from C7. 


In humans, the phrenic nerve consistently origi- 





nates from C4, generally from the C3 and C5 roots. 
An APN is found in some cases. According to Ra- 
janna,!® the roots issuing from C3, C4, and C5 are 
termed main roots, while the APN is defined as com- 
ing from the subclavian nerve (the most frequent ar- 
rangement). All other roots of the phrenic nerve are 
called accessory roots of the phrenic nerve. Accord- 
ing to Rajanna, in 203 bilateral cervical dissections, 
the APN was found in 344 cases (85%). If the ac- 
cessory roots of the phrenic nerve are called APNs, . 
the percentage becomes 88%.!® This description is 
equivalent to that of Hovelaque?> in 1927, in his syn- 
thesis of observations of the main previous studies. 
Thus, in humans as in rabbits, an APN is present ina 
great number of cases. 


Knowledge of PNR arrangements and APN fre- 
quency has 2 main applications. First, it has physio- 
logical applications: when the effect of a phrenic 
nerve resection has to be studied, the root arrange- 
ment and the presence of an APN must be consid- 
ered in order to avoid unsuitable partial resection of 
the phrenic nerve.?!.26 In rabbits, because of the C6 
origin of most of the APNs, resection of the C6 cer- 
vical nerve combined with that of the PNT would 
ensure complete denervation of the ipsilateral dia- 
phragm. A better knowledge of the PNR distribu- 
tion would permit researchers to study the effects of 
selective phrenic nerve resection on diaphragm inner- 
vation and function. 13-14 


Second, this knowledge has a surgical application: 
the long roots of the phrenic nerve can be transposed 
to neighboring muscles, ideally to the laryngeal 
(PCA) muscles, to achieve reinnervation after recur- 
rent laryngeal nerve damage. In the same manner, a 
branch issuing from the union of 2 roots, if long, 
could be transposed to distant cervical muscles, keep- 
ing the roots (and consequently, the innervation) in- 
tact for the diaphragm. This situation was often en- 
countered in our dissections in rabbits. Can these few 
roots achieve functional reinnervation? This ques- 
tion was addressed in further experimental studies. 
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CASE REPORT 


A 69-year-old man was referred from the Depart- 
ment of Ophthalmology with a 6-month history of 
right-sided epiphora. He had no proptosis, diplopia, 
or visual disturbance. An ophthalmological exami- 
nation yielded essentially normal findings, but a firm 
mass could just be palpated at the right inner can- 
thus. A coronal computed tomography (CT) scan was 
arranged, and this demonstrated a large bony mass 
in the medial orbital wall (see Figure, A). The mass 
was not impinging on the eye, but had displaced the 
nasolacrimal duct laterally and was obstructing the 
frontal recess, leading to a secondary mucocele of 
the right frontal sinus (see Figure, B).The lesion was 
seen to extend up as far as the cribriform plate, but 
there was no intracranial component (see Figure, C). 
A provisional diagnosis was made of frontoethmoid 
osteoma. 


After discussion, the patient decided to have the 
lesion removed surgically. The lesion was ap- 
proached via a right-sided Lynch-Howarth incision. 
Careful exposure and appropriate osteotomies al- 
lowed the osteoma to be mobilized gently and re- 
moved as a complete specimen, which was subjected 
to histologic evaluation. The frontal sinus was opened 
during the procedure, releasing copious quantities 
of retained inspissated pus. (Microbiological exami- 
nation revealed this to be sterile.) Internal exami- 
nation of the frontal sinus also demonstrated it to 
be considerably expanded in size. After the tumor 
was removed, the remaining large bony defect was 
thought to provide adequate access to and drainage 
of the frontal sinus. The cavity was packed with 2.5- 
cm ribbon gauze impregnated with Whitehead’s var- 
nish, which was removed at 2 weeks postoperatively, 
revealing a healthy, well-healed frontal sinus cavity. 


Histologically, the lesion was found to be a typi- 
cal benign osteoma. : 


DISCUSSION 
Osteomas are thought to be the commonzst be- 





nign tumors of the facial bones, with the frontal si- 
nus being the site most frequently affected.! Forty- 
eight percent of sinus osteomas are located here, and 
of these, 37% are found around the frontal sinus os- 
tium.? The true incidence cannot be quoted, as many 
osteomas remain asymptomatic and therefore escape 
detection,34 but it was estimated to be as high as 
0.43% in a review of 3,510 sinus radiographs.> 


Osteomas may present at any age, having been 
reported in patients less than 10 years old, but most 
are diagnosed in the fifth and sixth decades. Males 
appear to be affected marginally more often than fe- 
males, with ratios varying from 1.3:12 to 3:1.6 The 
cause is uncertain, and there are 3 conflicting theo- 
ries: traumatic, infective, and embryonic. There may 
be a history of facial trauma, although no direct cau- 
sal relationship has been established, and in many 
cases no relevant history is evident. There is also no 
evidence to link osteoma formation with chronic si- 
nusitis, although some believe that chronic inflam- 
mation may stimulate osteoblastic activity; it would 
seem far more likely that chronic infection is sec- 
ondary to an obstructed sinus ostium. The develop- 
mental theory is lent weight by the observation that 
many osteomas arise from the frontoethmoid suture 
line, an area in which membranous and cartilaginous 
structures abut in early life. Against this argument is 
the fact that many osteomas do not arise at such em- 
bryonic junctions.”® 


There is a known association between multiple 
osteomas and intestinal polyps, fibromas, lipomas, 
neurofibromas, epidermoid cysts, abnormal teeth, 
and pigmented skin lesions (Gardner’s syndrome, an 
autosomal dominant condition with variable pen- 
etrance).? The presence of these sequelae should be 
sought in all patients with sinus osteomas. 


The mode of presentation of these lesions depends 
largely on the site of origin. Most commonly (70%), 
they present with the symptoms of frontal sinusitis, 
with frontal headaches and mucopurulent rhinor- 
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rhea.* There are numerous case reports of osteomas 
extending beyond the confines of the sinuses and 
causing serious intracranial complications such as 
meningitis, brain abscesses, and intracranial muco- 


celes.®!°-13 Ophthalmic symptoms arise only rarely, 


despite tumor extending into the orbit in one third of 


cases. Reported ophthalmic symptoms include prop- 
tosis, diplopia, and ptosis, although there are reports 
of visual loss and, as in our case, epiphora. 


The diagnosis is usually made radiologically, but 
the differential diagnosis includes osteosarcoma, os- 
teoblastic metastases, Paget's disease, osteoid oste- 
oma, ossifying fibroma, calcifying meningioma, and 
fibrous dysplasia.!! 


The imaging modality of choice is CT scanning. 


Unenhanced coronal computed tomography scans. A) Den 
onstrating large radiopaque lesion in medial wall of nose 
This position on frontoethmoid suture line is characteristic 
site for osteomas. B) Through frontal sinuses, demonstrating 
opacity and expansion of right frontal sinus secondary 
chronic obstruction, Osteoma responsible can just 

in floor of sinus. Scan was invaluable in preoperative plat 
ning; more extensive lesion may have required bic 
osteoplastic flap approach. C) Of sinuses, through region ¢ 
cribriform plate. It is vital to know whether there is any tn 
tracranial extension preoperatively. This scan shows lesior 
to be extending upward as far as, but not through, cribriforr 
plate. At surgery, cribriform plate was found not t 

rectly involved, and lesion was removed without danger of 
cerebrospinal fluid rhinorrhea. 


Although osteomas may be detected on some plain 
X-rays or tomograms, such films do not give suffi- 
cient detail for accurate assessment and confident, 
safe surgical intervention. Similarly, magnetic reso- 
nance scanning gives very inadequate bony delinea 
tion and may also be misleading when assessing the 
presence or absence of frontal mucoceles 


Bone scanning using technetium-99 may have a 
minor role to play in the assessment of these lesions 
Noyek et al!* suggested that those with “hot” scans 
(representing bone with high metabolic 
should be monitored more carefully. Bone scanning 
may therefore give useful prognostic information and 
may be of value in deciding whether to treat surgi- 
cally or to manage conservatively with serial scan 
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ning. 


Radiologically, osteomas show 5 distinct appear- 
ances: 


1. Uniformly sclerotic. The most common type, with 
bone density similar to that of cortical bone. 


2. Target-like. Dense peripheral shell with a more 
radiolucent center. 


3. Partially corticated shell with heterogeneous ma- 
trix, more common in the larger lesions. 


4. Heterogeneous, without any shell. 
5. Laminated, resembling calculi. 


Osteomas appear to be slow-growing, exerting 
their effects by local pressure. There does not ap- 
pear to be any danger of malignant transformation. 
Controversy exists regarding whether to excise the 
tumors surgically. It has been suggested that sinus 
osteomas should be monitored radiologically unless 
they cause unacceptable symptoms, are located near 
the natural ostium of the frontal sinus, occupy more 
than 50% of the frontal sinus, extend beyond the 
confines of the frontal and ethmoid sinuses, or are 
obviously enlarging radiologically.!5 


Surgical approaches vary according to the site and 


size of the tumor. If there is any intracranial exten- 
sion, a full craniofacial excision with en bloc resec- 
tion of the ethmoid labyrinth should be undertak- 
en.516 This carries the added advantage, in larger 
tumors, of allowing the harvesting of calvarial bone, 
which is then fixed in place with a microsystem to 
reconstruct any ensuing deformity.!6 


Tumors limited to the anterior wall of the sinus 
may be tackled endoscopically. The technique used 
is via an external incision, as would be adopted for 
an endoscopic face-lift.!7-18 There are no reports of 
endonasal excision of frontal osteomas. 


Our case was really too large for us to contem- 
plate endoscopic resection, despite considerable en- 
doscopic experience on the part of the surgical team. 
The tumor was felt to be too close to the cribriform 
plate for the procedure to be carried out safely (see 
Figure, C). 


Whether to obliterate the frontal sinus remains 
controversial. For larger tumors requiring a cranio- ` 
facial approach, it would appear impossible not to,5 
but with smaller lesions such as ours, especially if 
an endoscopic approach has been employed, oblit- 
eration would seem unnecessary, although fenestra- 
tion of the frontal intersinus septum would seem a 
sensible precaution. 
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AUDITORY SCREENING IN NEONATES BY MEANS OF TRANSIENT 
EVOKED OTOACOUSTIC EMISSIONS: 
A REPORT OF 2,842 RECORDINGS 
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The principal goal of an early identification program is to identify hearing impairment present at birth, in order to effect appro- 
priate intervention as early as possible. Although recent research provides some evidence for the value of transient evoked otoacoustic 
emissions (TEOAEs) in neonate hearing screening, data are needed from large-scale clinical evaluations about the value of using 
TEOAEs for screening not only high-risk but also healthy neonates. A cohort of 1,421 neonates (2,842 ears) from the well-baby 
nursery was screened with TEOAEs in a 2-stage process. Neonates were referred from the first test prior to being discharged from 
the hospital. Those who failed were rescreened before the end of the first month. Those who did not pass the second-stage TEOAE 
screening were referred for diagnostic audiological evaluation for confirmation of hearing loss. Neonates transferred to a neonatal 
intensive care unit were not included in this study. Two neonates with bilateral sensorineural hearing loss of >40 dB hearing level 
were identified from this cohort. This study demonstrates the feasibility and the limitations of using TEOAEs as a universal hearing 
screening tool for all neonates. It confirms that the prevalence of hearing impairment in neonates has to be taken into account, even 
in a group of children without high-risk criteria. In France, a prevalence of 1.4 per 1,000 would represent 1,000 deaf children born 
every year, with reference to about 700,000 births per year. This study suggests that such universal screening programs would 


substantially increase the rate of early-identified infants with significant hearing impairment. 
KEY WORDS — audition, cochlea, hearing screening, neonate, transient evoked otoacoustic emissions. 


INTRODUCTION 


The prevalence of bilateral sensorineural hearing 
loss (SNHL) in neonates has been estimated to be 
between 1 and 2 children per 1,000.! Moderate to 
profound hearing impairment is a significant health 
problem that occurs more frequently than other dis- 
eases such as phenylketonuria (0.07 in 1,000) or con- 
genital hypothyroidism (0.17 in 1,000),” for which 
universal neonatal screenings have been imple- 
mented for years. The mean age for the confirma- 
tion of suspected hearing loss is around 3 years in 
Europe and the United States.! The result is that for 
many hearing-impaired children, much of the cru- 
cial period for language and speech learning is 
wasted. For all these reasons, the Joint Committee 
on Infant Screening issued a position recommend- 
ing a universal auditory screening to be implemented 
for all infants within the first 3 months of life.’ For 
the past 40 years, infant hearing screening has been 
. attempted with a number of different psychoacous- 
tic methods. In the last 15 years, auditory brain stem 
response (ABR) testing has been considered the most 
objective screening technique. Transient evoked oto- 
acoustic emissions (TEOAEs) represent a recently 
developed method that could be applied to all new- 


borns prior to hospital discharge. The Joint Commit- 
tee on Infant Screening proposed that screening be- 
gin with a TEOAE test.! The purposes of the present 
study were to evaluate whether TEOAE recordings 
could be used accurately as a universal hearing screen- 
ing tool for every newborn and to estimate the preva- 
lence of neonatal SNHL. 


MATERIALS AND METHODS 


Materials. The sample was composed of 1,727 
neonates born between October 1995 and March 
1997 in the hospital nursery. The mean duration of 
hospitalization was 3 days. Recordings were made 
systematically for all neonates, without specially ac- 
counting for the presence of SNHL risk factors. How- 
ever, 3 groups of neonates were excluded from the 
study because they could not be tested before being 
discharged from the hospital: 1) 81 neonates (4.7%) 
were transferred on day 1 after birth to a neonatal 
intensive care unit (NICU) in another hospital; 2) 
173 infants (10%) born on a Friday or Saturday were 
discharged from the hospital on the next Monday 
morning, before screening could be done; and 3) 52 
neonates (3%) could not be tested for various prac- 
tical reasons (eg, parents’ refusal, omission without 
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Fig 1. Distributions of A) gestational age (in weeks) and B) birth weight (in grams) in series of 1,421 tested neonates. A) Mean 
gestational age was 38.9 weeks (SD 1.8). B) Mean birth weight was 3,260 g (SD 482). 


any reason). Thus, recordings were available for a 
sample of 1,421 infants (706 boys and 715 girls). 
The mean gestational age was 38.9 weeks (standard 
deviation [SD] 1.8; Fig 1A), the mean birth weight 
was 3,260 g (SD 482; Fig 1B), and the mean Apgar 
score at 3 minutes was 9.9 (SD 0.5). 


Methods. Neonates were screened for TEOAEs 
by means of the ILO92 Otodynamic Analyzer (Oto- 
dynamics Ltd).3 The probe design, signal process- 
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Stimulation intensity (dB SPL) 
Fig 2. Distribution of stimulation intensity (in decibels 
sound pressure level [SPL]) of click elicited by ILO92 
Otodynamic Analyzer with stimulus gain of 0 dB (ie, 
default setting of ILO92) in series of 1,421 neonates. 
Stimulus gain of 0 dB corresponds to mean average per 
SPL of 78 dB (SD 4). 


ing, and technical procedures have been described 
elsewhere.3 Stimuli were clicks with a flat acoustic 
spectrum for frequencies between 0.5 and 5 kHz. 
The responses were collected alternately into 2 buff- 
ers, A and B, at which point they were averaged 260 
times within a time window of 17.5 milliseconds 
(ms), starting 2.5 ms after the stimulus onset. The 
stimulus gain was 0 dB (ie, default setting of the 
ILO92). This stimulus gain corresponds to a mean 
average per sound pressure level (SPL) of 78 dB (SD 
4; Fig 2). The stimulus sequence was a linear pat- 
tern. 


Recordings were performed at the nursery, in a 
quiet but not sound-insulated area. Environmental 
noise levels in the testing room, measured with a 
Bruél and Kjaér sound level meter, were around 50 
dB SPL. Neonates were tested while they were natu- 
rally asleep. An appropriate-size neonate probe was 
placed in the external ear canal. All screenings were 
done every afternoon from Monday to Friday. No 
test was done on Saturday or Sunday. For this rea- 
son, neonates born on a Friday or Saturday and dis- 
charged from the hospital on Monday morning could 
not be tested (ie, 173 neonates). Both ears were tested 
for every neonate. Recordings were performed 48 
hours following birth, because on day 1 the middle 
ear residual fluid might prevent or hamper the recep- 
tion of otoacoustic emissions.? Results were stored 
in a personalized file, in which was included admin- 
istrative, obstetric, and perinatal information (in par- 
ticular, that pertaining to SNHL risk factors). 


Results of the TEOAE screening were scored as 
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Fig 3. Distribution of time (in seconds) necessary to 
record TEOAEs in both ears of each neonate in clinical 
conditions in series of 1,421 tested neonates. Time var- 
ied from 50 to 820 seconds. Mean time was 167 seconds 
(SD 88). 


pass or fail. A “pass” was scored (and so the test was 
considered negative) when 3 criteria were present: 
1) an overall magnitude of TEOAE response of >8 
dB SPL,‘ 2) a broad spectrum (ie, TEOAEs typical- 
ly extend from 0.8 to 5 kHz with few deep notches), 
and 3) a high correlation between the 2 traces of al- 
ternate buffers A and B (ie, more than 60%).3° A 
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Fig 4. Distribution of A-B (see text) value (in decibels 
SPL) calculated by ILO92 Otodynamic Analyzer in se- 
ries of 1,421 neonates tested in clinical conditions. Am- 
plitude appreciates noise floor in external ear canal. This 
value varied from 2 to 29 dB SPL (mean 9.9 dB SPL; 
SD 3.9). 


PREVALENCE OF RISK FACTORS FOR HEARING 











IN SERIES OF 1,421 NEONATES 
Bilateral Unilateral 

Risk Factor Pass Fail Fail Total 
Family history of 

deafness 16 2 0 18 
Craniofacial deformity 0 0 0 0 
Birth weight <1,500 g 0 0 0 0 
Prenatal infection 8 0 0 8 

Cytomegalovirus - 2 0 0 2 

Rubella 0 0 0 0 

Toxoplasmosis 5 0 0 5 

Syphilis 0 0 0 0 

Herpes 1 0 0 1 
Hypoxemia 42 2 0 44 
Neonatal infection 26 2 1 29 
Meningitis 0 0 0 0 
Hyperbilirubinemia 36 1 0 37 
Total 128 7 1 136 
Admission to neonatal 

intensive care unit 0 0 0 81 





“fail” was scored when at least 1 of those criteria 
was not met, and the test was considered positive. In 
these cases, neonates were referred for a second test 
before the end of the first month after birth. Those 
who failed the second test were referred for a diag- 
nostic audiological evaluation in a pediatric otolaryn- 
gology center. 


RESULTS 


Technical Considerations. The duration of each 
TEOAE recording session was about | hour and per- 
mitted recording TEOAEs for 5 neonates. This time 
included 1) the time of TEOAE recordings, 2) the 
time necessary to bring the neonate to a testing room 
adjacent to the nursery, and 3) the time needed to 
explain the screening result to the parents. The mean 
time of TEOAE recording (ie, the signal averaging) 
for a neonate was 167 seconds (SD 88) for both ears 
(Fig 3). 


The difference between the 2 traces of alternate 
buffers A and B (ie, A-B magnitude) was evaluated 
for each recording. This value provided an estima- 
tion of the noise floor in the external ear canal. The 
mean A-B magnitude was 9.9 dB SPL (SD 3.9; Fig 
4). This technical characteristic was not statistically 
different between the 2 ears. 


Neonatal SNHL Risk Factors. One hundred thirty- 
six neonates (9.6%) exhibited an SNHL risk factor 
(Joint Committee, 1990; see Table). Hypoxemia was 
the most common risk factor, observed in 44 neo- 
nates. These neonates were not transferred to an 
NICU. Other common risk factors were hyperbiliru- 
binemia and neonatal infection. Two hundred six 
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Fig 5. Results of transient evoked otoacoustic emission hearing screening in series of 1,421 tested neonates. 


neonates received antibiotic therapy including netil- 
micin (Netromicin, Schering Plough) with a mean 
duration of 4.5 days (range 2 to 8 days). This antibi- 
otic therapy was given for either the treatment (29 
neonates) or the suspicion (171 neonates) of a peri- 
natal infection. Only 18 neonates had a family history 
of deafness. Other risk factors were prenatal infec- 
tions (cytomegalovirus, toxoplasmosis, or herpes). 


Analysis of Series. This series included 1,421 neo- 
nates (2,842 ears; Fig 5). In 1,183 neonates (83.25%), 
the test was considered negative because neonates 
had bilateral TEOAEs. A “fail” was scored for 238 
neonates (16.75%); the test was considered positive 
because TEOAEs were not normal either in only 1 
ear (80 neonates, 5.63%) or in both ears (158 neo- 
nates, 11.12%). These neonates were referred for a 
second test before the end of the first month after 
birth. In most cases, the second test was scheduled 
during the first week after discharge. 


In the group with unilateral absence of TEOAEs 
(80 neonates), the family contact was lost for 46 neo- 
nates (3.2%), and a second test was realized for 34 
neonates (2.4%). For all tested neonates, the second 
test was negative. In the group with bilateral absence 
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Fig 6. Conditioned orientation reflex audiograms of 2 
infants at 10 months, showing bilateral hearing loss of 
>40 dB hearing level for all conventional audiometric 
frequencies. 


of TEOAEs (158 neonates), the family contact was 
lost for 69 neonates (4.9%), and 89 neonates (6.3%) 
received follow-up testing. Of the 89 retested neo- 
nates, 80 (5.6%) had satisfactory TEOAEs on the sec- 
ond test and 9 (0.6%) were considered to have posi- 
tive tests and were referred for a diagnostic audio- 
logical evaluation in a pediatric otolaryngology cen- 
ter. 


Of the 9 neonates referred for diagnostic audio- 
logical evaluation, none exhibited an SNHL risk fac- 
tor. Seven children were discharged after normal au- 
diological test findings. Two children were recalled 
for distraction testing, ABR testing, and tympanom- 
etry at 6 months of age. Both were found to have a 
bilateral hearing impairment. The ABR wave V 
thresholds were 60 dB hearing level (HL) for both 
ears. Figure 6 shows the conditioned orientation re- 
flex audiograms performed at 10 months (ie, hear- 
ing thresholds >40 dB for all conventional audiomet- 
ric frequencies). 


Family Contact Loss After Positive Test. In this 
series, 238 neonates had either no unilaterally or no 
bilaterally recordable TEOAEs. We tested 123 neo- 
nates (51.7%). The family contact was lost for 115 
neonates in spite of multiple attempts at contacting 
them. The family contact loss represents 57.5% of 
neonates with a unilateral “fail,” and 43.7% of neo- 
nates with a bilateral “fail.” There was no statistical 
difference between these 2 populations. 


Evaluation of False Positives. Among the 1,421 
neonates tested on day 2, 238 neonates (16.75%) 
were considered positive after the first test. It is dif- 
ficult to evaluate the number of false positives, be- 
cause 115 neonates were not retested (ie, family con- 
tact loss). Two evaluations of false-positive values 
can be made: 1) if all non-retested neonates are con- 
sidered as neonates with SNHL, the false-positive 
value is 49.16%, and 2) if all non-retested neonates 
are considered as neonates without SNHL, the false- 
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positive value is 99.16%. 


DISCUSSION 


The purposes of this study were 1) to evaluate the 
feasibility of systematic hearing screening of neo- 
nates by TEOAEs and 2) to evaluate neonatal SNHL 
prevalence with this test. 


Analysis of Sample. No infants were deliberately 
excluded from the study. Yet, the screening was not 
performed on the whole group. Eighty-one neonates 
(4.7% of the whole population) requiring an NICU 
admission at birth were excluded from the study be- 
cause they were transferred to another hospital. That 
percentage is 3 times lower than that reported in the 
survey of White et al,° in which 16% of the neonates 
were admitted into NICUs. It is well recognized that 
1% to 4% of NICU neonates have an SNHL,!7 be- 
cause most of them exhibit a neonatal SNHL high- 
risk factor.’ So, the exclusion of such a group prob- 
ably underestimates the neonatal SNHL prevalence 
in this study. 


The population tested in this study included neo- l 


nates with weights and Apgar scores in agreement 
with normative data in France. One hundred thirty- 
six neonates (9.6%) exhibited a neonatal SNHL risk 
factor. This percentage is consistent with previous 
evaluations in the literature, in which 7% to 12% of 
the neonates have high-risk factors.!.6 Of these 136 
neonates, 128 neonates passed the first test and 8 
failed. No risk factors were found in the group of 
neonates who failed the second test, and consequent- 
ly, none in the 2 neonates identified with an SNHL. 
These 2 neonates would have been missed if the 
screening had been performed only on neonates ex- 
hibiting neonatal SNHL risk indicators, as in most 
current screening programs.? This observation con- 
firms the importance of the Joint Committee on In- 
fant Screening recommendations, which suggest a 
universal screening for all neonates within the first 
3 months of life.! 


Analysis of Screening Method. The neonate hear- 
. ing screening in this study used TEOAEs. As first 
proposed by Kemp et al,? TEOAEs are now widely 
used as a specific and sensitive noninvasive tool for 
the diagnosis of inner ear impairment, particularly 
for evaluation of hearing function in a pediatric popu- 
lation.!0.1! This test is considered the ideal model 
for the screening of SNHL in neonates according to 
the Joint Committee recommendations.! 


So far, there has been no uniformity in the proto- 
cols used by different clinicians, and the normative 
data used for the analysis of TEOAEs vary among 
different studies. In this study, 3 main criteria were 


used. First, the TEOAE magnitude recorded in neo- 
nates was compared to a reference value, considered 
as the lower limit between a normal test and a “patho- 
logic” one (ie, 8 dB SPL). Second, TEOAE repro- 
ducibility had to exceed 60%. Third, the spectrum, 
evaluated by its lower and upper limits, had to cover 
the frequency bands between 0.5 and 5.5 kHz.4 The 
magnitude criteria vary in the literature. For example, 
White et aló and Chang et al!? scored a “pass” when 
TEOAE magnitude was 3 dB above the noise floor. 
Our criteria were based on a previous statistical 
analysis of TEOAE magnitude in normal neonates.* 
The TEOAE reproducibility criteria range from 
50%'3.14 to 75%!2 in the literature. The spectrum cri- 
teria were used only by Chang et al and White et al. 


The stimulus intensity was not modified in this 
study. In some other studies, recordings were ob- 
tained at different stimulus levels to observe the 
growth of the TEOAE response magnitude.!> But 
the growth of the stimulus intensity is judged possi- 
bly unsatisfactory by Kemp et al,? because of the 
dependence of this quantity on the instrumental noise 
floor and doubts about the physiological nature of 
the detection thresholds for an essentially physical 
response.> 


Analysis of Results. Of all tested neonates, 1,183 
(83.25%) passed the first test. Chang et al! studied 
a group of 41 full-term newborns, without perinatal 
disease, with TEOAE recordings. The authors com- 
pared the results of the test before and after clean- 
ing the external ear canal. The pre—otoscopic exam- 
ination TEOAE pass rate of 82 ears was 76%, while 
the pass rate improved to 91% after external canal 
debris removal. In the study of Zorowka et al!6 on 
TEOAE recordings in 2 groups of neonates — 45 
healthy newborns and 59 newborns with perinatal 
infection — an otoscopic examination was per- 
formed before each TEOAE test. In the group of 
healthy newborns, the pass rate was 95.5%. In these 
2 series, the small size of the studied cohort permitted 
a systematic otoscopic examination. On the other 
hand, in the present study and in that of White et al,® 
the great number of neonates prevented a system- 
atic examination of the ear canal. Consequently, some 
neonates might have failed at the first stage only be- 
cause of the presence of external canal debris. 


In the series of White et al, 1,850 neonates were 
screened by TEOAEs: 304 of them were from NICUs 
and 73% of the neonates had: passed the first test. 
Perhaps the low pass rate was secondary to the per- 
centage of neonates from NICUs. However, the study 
of Kennedy et al!5 showed pass rates that were not 
significantly different between normal neonates and 
NICU neonates. 


530 Aidan et al, Neonatal Hearing Screening 


In the cohort of neonates requiring a second test 
screen (ie, 238 neonates), 2 groups had to be consid- 
ered, based on the results of the first test: a bilateral 
“fail” (n = 158) and a unilateral “fail” (n = 80). This 
distinction is not always found in others’ series. Of 
the 238 infants referred for the second test, 89 neo- 
nates having bilateral failure and 34 having unilat- 
eral failure were actually retested, so that 123 neo- 
nates (51.7%) requiring a second test were effectively 
rescreened. The family contact was lost with others 
(n = 115). In the study of White et al,® the family 
contact loss rate was smaller: 497 neonates required 
a second test and 403 (81%) were retested. Stevens 
et al!? studied 346 neonates screened with TEOAE 
recordings and ABRs. Neonates were referred for a 
second test when they failed both tests (ie, 42 neo- 
nates). In this group, 64% of the neonates (n = 27) 
were actually retested. The family contact loss rate 
in the present study could be explained by the great 
number of healthy neonates. In these cases, it may 
be more difficult to convince parents to reply to a 
second test notification. Further, this study was con- 
ducted in a medical hospital without a pediatric unit 
for the follow-up of neonates. That fact exacerbated 
loss of contact with the children. In any case, the 
large family contact loss rate reported in this study 
may have resulted in an underestimation of the neo- 
natal SNHL prevalence. 


A “pass” was scored for 92.7% of neonates re- 
tested (114 of 123). This result substantially exceeds 
the White et alô second-test “pass” rate (288 of 403). 
This high pass rate suggests that some failures on 
the first test were dependent on factors other than 
SNHL. The first-stage failure rate could have been 
influenced by probe fitting problems. Fitting the 
probe is actually the single most important part of 
making an acoustic emission measurement. Further, 
some children were not deeply asleep, and physio- 
logic noise (eg, swallowing movements) could have 
influenced the TEOAE recordings. Obstructing de- 
bris in the external duct, as earlier discussed, can 
attenuate TEOAE responses. White et al® reported 
37 neonates identified with a conductive hearing loss 
in a group of infants referred for diagnostic audio- 
logical evaluation. Middle ear dysfunction can in- 
deed confound the interpretation of TEOAEs.!8 Mid- 
dle ear evaluation by tympanometry prior to screen- 
ing was not performed in this study, and even though 
middle ear disorders are not frequent in neonates, 
this factor could have influenced the results of the 


screening. However, tympanometry may not be ac- 
curate in this population. Gestational age may not 
have interfered with the first-test “pass” rate, because 
of the great homogeneity of the study group accord- 
ing to the term (average term 38.9 weeks, SD 1.8), 
and the small number of preterm infants. Even if 
some characteristics of the emissions! change with 
increasing postconceptional age (ie, shorter-latency 
amplitudes increase more than longer-latency am- 
plitudes), there are no statistically significant vari- 
ations of TEOAE incidence and overall amplitude.5 


Two neonates were finally identified with bilat- 
eral SNHL; therefore, the prevalence of confirmed 
SNHL in neonates was 1.4 in 1,000. This result is 
consistent with previous findings. According to the 
US National Institutes of Health Consensus State- 
ment, approximately 1 of every 1,000 children is born 
deaf.! In other studies, the prevalence is estimated 
at 0.9 per 1,000,!9 1 per 1,000,7° 1.3 per 1,000,2! and 
1.7 per 1,000.2? In the White et alô survey, the preva- 
lence of SNHL in neonates is 5.95 per 1,000. But in 
the White et al study, the fact that 7 neonates in the 
group of 11 neonates with confirmed deafness were 
from an NICU could explain this large difference. 
In our study, neonates in the NICU were excluded. 
It is also important to consider the fact that only 51% 
of the children who failed the first test were retested 
1 month later. That means that the prevalence of 
SNHL was probably underestimated and could have 
been much higher if NICU neonates had been tested. 


CONCLUSION 


First, this study demonstrates the feasibility and 
limitations of using TEOAESs as a universal hearing 
screening tool for all neonates. Second, it confirms 
that the prevalence of hearing impairment in neo- 
nates has to be taken into account, even in a group 
of children with few high-risk criteria. In France, a 
prevalence of 1.4 per 1,000 would represent 1,000 
deaf children every year, with reference to about 
700,000 births per year. It suggests that such univer- 
sal screening programs would substantially increase 
the rate of early-identified infants with significant 
hearing impairment. Both TEOAEs and ABRs show 
maximal promise as universal screening tools for the 
neonate. Each method has its unique advantages and 
disadvantages. Nevertheless, the use of TEOAEs in 
the detection of hearing impairment in well babies 
could be a cost-effective way of detecting early hear- 
ing impairments.! 
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PERCUTANEOUS IMPLANTS IN THE TEMPORAL 
BONE FOR SECURING A BONE CONDUCTOR: 
SURGICAL METHODS AND RESULTS 
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Clinical results of an extended follow-up of percutaneous titanium implants for application of bone conductors are presented. A 
simplified 1-stage surgical procedure is introduced. This study entails a consecutive series of 163 implants in 155 patients 9 to 80 
years old who received a bone conductor coupled to a percutaneous titanium implant since June 1988 at the University Hospital 
Nijmegen, The maximum follow-up is 7 years. The bone conductor can be connected to a percutaneous abutment fixed to a titanium 
fixture anchored in the temporal bone. Several clinical trials from different clinics have shown its efficacy in patients with a conduc- 
tive or mixed hearing loss. In this study attention is paid to the following issues: the occurrence of skin reactions, the condition of the 
skin around the abutment, the stability of the fixture. and a simplified surgical technique. 


KEY WORDS — artificial implants, bone-anchcred hearing aid, bone conduction, inflammatory reaction, skin graft, skin pene- 


tration, titanium. 


INTRODUCTION 


The first choice in patients with hearing impair- 
ment who require a hearing aid would be an air con- 
duction hearing aid. In some patients, recurrent otor- 
rhea as a result of blocking the auditory canal with 
the ear-mold and local irritation by the ear-mold pre- 
sent a problem with this type of hearing zid. The 
external auditory canal can also be lacking. An alter- 
native for these patients is a conventional bcne con- 
ductor worn as a headband or in the frames of eye- 
glasses. In a number of cases this device causes prob- 
lems such as skin irritation, headache due io pres- 
sure, inconsistency in the sound quality due io shift- 
ing of the transducer over the mastoid, or cosmetic 
objections. For these patients, the bone conductor 
can be fixed on a percutaneous coupling that is cou- 
pled to an osseointegrated titanium implant in the 
temporal bone and is an alternative to the convention- 
al bone conductor.!3 The surgical procedure in which 
the titanium implant is fixed was introduced and de- 
scribed in detail by Tjellstrém.* Several studies have 
been published on the clinical results of percutane- 
ous titanium implants in the temporal bone.?3.5-7 
Also, subjective results have been obtained, and the 
new bone conductor is a good alternative to the con- 
ventional bone conductor, with all patients using their 
new bone conductor for more than 8 hours a day.’ In 
most of these studies, the fixture or titanium -mplant 
and percutaneous abutment or percutaneous coupling 
were placed in a 2-stage surgical procedure. Promis- 
ing results in Sweden with a l-stage surgical proce- 


dure in which the fixture and abutment were placed 
in 1 session prompted us to follow suit. In the 2- 
stage and 1l-stage procedures a free retroauricular 
skin graft is used in order to establish an area of skin 
free of hair follicles around the implant. 


In this study, a simplified technique that does not 
involve the use of a skin graft is described. The aim 
of the study was to assess the condition of the skin 
around the skin-penetrating abutment and the stabil- 
ity of the fixture in all patients. This simplified surgi- 
cal technique is here introduced, and the clinical re- 
sults obtained with this surgical procedure are present- 
ed. 


PATIENTS AND METHODS 


Patients. Inclusion and exclusion criteria used for 
the selection of the patients have been reported be- 
fore.? The first 157 patients were accepted for im- 
plantation between June 1988 and December 1995. 
Only patients who have had their percutaneous de- 
vice for 4 months or more are included in this study. 
In total, 155 patients are included in this study. Two 
patients received bilateral implants, 4 patients have 
been reimplanted, and 1 patient has been reimplanted 
twice, resulting in a total of 163 implants. The fol- 
low-up time varies between 8 and 84 months. Two 
patients have been lost to follow-up, after 2 years 
and 4.5 years. Eighty-nine of the patients were fe- 
male and 66 were male. The youngest patient was 9 
years old and the oldest patient was 80 years old at 
the time of the surgical procedure. The mean age 
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TABLE 1. HISTORY OF 155 TREATED PATIENTS 











Patients 
History No. % 
Chronic otitis media 132 85 
Congenital aural atresia 13 8 
Recurrent otitis externa 10 6 








was 48 years. Table 1 shows the history of the 155 
treated patients. In Table 2 the distribution of the 
types of hearing aids previously used is presented. 


Surgical Technique. In June 1988 the titanium fix- 
ture implantation program was started at the Nijme- 
gen University Department of Otorhinolaryngology. 
All surgical procedures were performed by the se- 
nior author (C.W.R.J.C.). After 38 titanium implants 
were placed in 36 patients with the 2-stage proce- 
dure, the 1-stage procedure was used, starting early 
in 1991. The 1-step surgical technique used in Nij- 
megen with the use of a free skin graft has been de- 
scribed in detail.!0 Eventually, this procedure was 
simplified. Instead of using a free skin graft in an 
area of 2.5 to 3.0 cm around the percutaneous titani- 
um abutment, the subcutaneous tissue, including the 
hair follicles, is reduced. This surgical procedure 
takes about 15 to 30 minutes. The present 1-stage 
procedure technique distinguishes itself from the 
original one on 3 counts. A purely longitudinal inci- 
sion of 3 cm is made instead of the circular incision, 
as the skin graft is no longer used. The periosteum is 
removed. The tamponade with the healing cap is 
maintained for about 7 days instead of 14 days. Fig- 
ure 1A shows the 1-step surgical procedure with the 
use of a free skin graft. Figure 1B shows the simpli- 
fied 1-step surgical procedure. Table 3 shows the dis- 
tribution of surgical procedures of the 163 implants 
implanted in 155 patients. 


Fig 1. One-stage surgical proce- 
dures. A) With transplantation of 
free thinned skin graft from retro- 
auricular fold. Longitudinal inci- 
sion of 3 to 4 cm is made over 
intended implant site. Under free 
skin graft, fixture is inserted. Cau- 
dal end of longitudinal incision is 
left open to allow wound to drain. 
Punch is used to puncture graft, 
and abutment is placed on fixture, 
which penetrates through skin 
graft. B) Without transplantation 
of free thinned skin graft. In area 
of 2.5 to 3.0 cm around percuta- 
neous titanium abutment, subcu- 
taneous tissue including hair fol- 
licles is reduced. Under reduced 
skin, fixture is inserted. Punch is 
used to puncture reduced skin, 
and abutment is placed on fixture. 


TABLE 2. DISTRIBUTION OF TYPES OF PREVIOUS 
HEARING AID USED AMONG 155 TREATED PATIENTS 











Patients 
Previous Hearing Aid No. % 
Air conduction 43 28 
Bone conduction 111 71.6 
No hearing aid 1 06 








Follow-up. The recovery period after surgery var- 
ied between 2 and 3 weeks. Subsequently, the pa- 
tients were monitored at 4-month intervals. The sta- 
bility of the fixture in the temporal bone and the fixa- 
tion of the abutment were checked manually. More 
frequent observations were made when subjects re- 
quired care for problems associated with the titanium 
fixture. Every 4 months the condition of the skin 
around the implant was observed and recorded. If 
multiple skin reactions were observed within a fol- 
low-up period of 4 months, only the most serious 
skin reaction type was recorded for that specific pe- 
riod. The classification of soft tissue reactions ac- 
cording to Holgers et al!! was used (Table 4). Any 
visible circumstances of the skin around the implant 
suspected of having a negative influence with re- 
gard to the onset of skin reactions were noted sepa- 
rately. These unfavorable circumstances were skin 
disease, movement of the abutment, and a thick skin 
or a combination of these 3 circumstances. The treat- 
ment of skin reactions consisted of regular cleans- 
ing and application of antibiotic ointment. Granula- 
tion tissue was excised and a systemic antibiotic was 
prescribed when necessary. 


RESULTS 


The total follow-up period of the 163 implants was 
4,826 months, including the postoperative recovery 
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TABLE 3. DISTRIBUTION OF SURGICAL 
PROCEDURES OF 163 IMPLANTS IN 155 PATIENTS 











No. of 
Implants % 

Two-stage surgical procedure with 

skin graft 38 23.3 
One-stage surgical procedure with 

skin graft 93 57.1 
One-stage surgical procedure without 

skin graft 32 19.7 
Total 1-stage and 2-stage surgical 

procedures 163 100.0 








period of approximately 1 month. Nine of the 163 
implanted fixtures were lost. Necrosis of tae skin 
graft occurred in 1 patient. Table 5 shows the causes 
of fixture and abutment loss or removal. Of the total 
of 163 implants, 154 fixtures remained in the skull. 
This is a success rate of 94.5%. A type 4 skin reac- 
tion was observed in 3 instances in 3 implants and 
led to the loss of the whole implant; 1 of these 3 
patients had an extended abstinence from use of the 
implant. A type 3 skin reaction was observed in 10 
instances in 8 implants and required local treatment 
with an antibiotic ointment. A type 2 skin reaction 
was observed in 26 instances in 20 implants. In all, 
132 (81%) of the 163 implants remained free of po- 
tentially dangerous skin reactions (type 2, 3, or 4). 
In 6 patients out of a total of 26 patients with thick 
skin around the abutment, a secondary skin reduc- 
tion was inevitable. In 1 of the 6 patients who under- 
went secondary skin reduction, the implant had been 
installed in a 2-stage surgical procedure, and in 5 of 
the 6 patients, the implants had been installed in 1 
session. 


The life table method described by Cutler end Ed- 
erer!2 was used to calculate the cumulative propor- 
tion of implants free of adverse skin reactions (type 
1, 2, 3, or 4) throughout the follow-up period. The 
patients were divided into 3 groups according to the 
surgical procedure used. The cumulative proportions 
of the implant groups implanted in the 2-stage surgi- 
cal procedure, the 1-stage surgical procedure with 


TABLE 4. DISTRIBUTION OF TYPES OF SKIN 

















REACTIONS 
Observations 
Types of Skin Reactions* No. % 
0 = No irritation 1,257 91.0 
1 = Slight redness 86 6.2 
2 = Red and moist tissue 26 1.9 
3 = Granulation tissue 10 0.7 
4 = Infection leading to removal of 
abutment 3 0.2 
Total No. of observations 1,382 100.0 


*According to Holgers et al.!! 





TABLE 5. NUMBER OF REMOVED OR LOST FIXTURES 











IN 155 IMPLANTED EARS 
Fixture and 
Abutment Abutment 
Removed Removed 
Causes or Lost or Lost 
Skin reaction (type 4) 3 3 
Neuralgia 4 3 
Psychological reasons 1 0 
Trauma 2 2 
No osseointegration 1 1 
No hearing improvement 2 0 
Total 13 9 








the use of a retroauricular skin graft, and the 1-stage 
surgical procedure without the use of a retroauricular 
skin graft are presented in Fig 2. The cumulative pro- 
portion of implants with intact skin and the number 
of implants followed (for a given time interval) were 
used to calculate the effective sample size. The num- 
ber of implants and the effective sample size of the 
group of implants placed in 1 stage were tested 
against any 2 corresponding results for the group of 
implants placed in a 2-stage operation by compar- 
ing the best approximating 2 x 2 contingency table 
and applying a x? test at the 5% level. Thus, the re- 
sults of the 2-stage surgical procedure were com- 
pared to those of the 1-stage surgical procedure. Like- 
wise, a comparison was made between the results of 
using or omitting a skin graft in a 1-stage surgical 
procedure. No statistically significant differences 
were found between the data for these implant groups. 


Tables 6 and 7 show the distribution of the im- 
plant circumstances as noted at outpatient visits. The 
163 implants are divided into 2 groups: 1 group with 
unfavorable circumstances like skin disease (eczema, 
psoriasis, lichen ruber moniliformis, and severe per- 
spiration), a thick skin permitting movement, or a 
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Fig 2. Cumulative proportion of implants that remained 
free from skin reaction versus follow-up interval. 
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TABLE 6. FAVORABLE AND UNFAVORABLE 
CIRCUMSTANCES OF SKIN IN 163 IMPLANTS 


Favorable Circumstances of | Unfavorable Circumstances 
Skin Around Abutment of Skin Around Abutment 


97 of 163 implants (60%) 66 of 163 implants (40%) 


17 of 97 (18%) implants had 28 of 66 (42%) implants had 
skin reaction skin reaction 











loose abutment, and 1 group without these unfavor- 
able circumstances. In 28 of the 66 implants (42%) 
in the group with unfavorable circumstances, a skin 
reaction was observed. In the other group, in 17 of 
the 97 implants (18%) a skin reaction was observed. 
A statistical significance (%2 = 10.97, p < .05) was 
found. 


DISCUSSION 


Durable fixation of the percutaneous titanium fix- 
ture with buildup for connecting a bone conductor 
is essential to the quality of this new generation of 
bone conductors. The highest fixation percentages 
were achieved with implants that were placed in 2 
separate sessions.7:!3 However, the results of a single 
session were statistically similar. So, in experienced 
hands, it is justified to perform this operation in 1 
session.!° Table 85-7:10.14.15 shows that in the litera- 
ture, the success percentages lie between 90% and 
97.9% (loss of fixture 3% to 10%). In the Nijmegen 
series of patients, 9 of the 163 fixtures have been 
lost, in different ways (Table 5). Only 1 of the 32 
fixtures that were placed in 1 session without prep- 
aration of a free skin transplant has been lost. So far, 
there is reason to have confidence in this simplified 
surgical technique. 


Skin reactions were seen in 125 of the 1,382 obser- 
vations, so that 91% of the total number of observa- 
tions remained free from serious skin reactions (types 
1, 2, 3, or 4). These findings are in agreement with 
those of a Swedish study on a total of 1,236 observa- 
tions. In that study, in 89.1% of the total number of 
observations, no serious skin reactions were encoun- 
tered. These implants were placed in 2 surgical ses- 


TABLE 7. SUBDIVISION OF 66 IMPLANTS WITH 
UNFAVORABLE SKIN CONDITIONS AND 28 
'__IMPLANTS WITH SKIN REACTION 














Skin 
Reaction 
Type 
No. 2,3,or4 
(n = 66) (n = 28) 
Thick skin 26 7/26 (27%) 
Movement of skin around abutment 18 6/18 (33%) 
Skin disease 12 8/12 (67%) 
Combination of these factors 10 7/10 (70%) 





sions.!3 Table 8 shows an overview of several stud- 
ies that have been performed over the past few years. 


Unfavorable circumstances of the skin around the 
abutment influence the incidence of skin reactions.®!! 
In 40% of the implants in the Nijmegen series there 
were unfavorable circumstances in relation to the 
skin and abutment. This group showed a larger pro- 
portion of cases with skin reactions than the group 
with normal skin conditions (42% versus 18%). 


The life table method is a practical instrument that 
can be used to compare groups of patients or im- 
plants with different follow-ups. The cumulative pro- 
portions of implants that remained free from skin 
reactions after the 1-stage procedure with a free skin 
graft were similar to those found after the 2-stage 
procedure. In the group of 1-stage procedure implants 
in implant groups with or without a free skin graft, 
the cumulative proportions were also comparable. 
One of the major similarities between the 2 above- 
described surgical techniques is that an ample quan- 
tity of subcutaneous tissue is removed. In our opin- 
ion, the simplest way to achieve the greatest amount 
of reduction is to use a longitudinal incision and omit 
creating a skin flap. In the literature, various tech- 
niques have been described to achieve a hair-free 
area of skin at the implant site.!6!7 These include 
the use of a free skin flap, the transposition of skin 
flaps, a pedicled split skin graft, and a split skin 


TABLE 8. COMPARISON OF DIFFERENT STUDIES CONCERNING CLINICAL RESULTS AND SURGICAL 
PROCEDURES OF BONE-ANCHORED HEARING AID IMPLANTS 





























Two- One- With = Without Loss No 
No.of Follow-up Stage Stage Skin Skin of Skin 
Authors Year Implants Surgery Surgery Graft Graft Fixture Reaction? 
Tjellstrém and Granstrém5 1994 100 (96-192) 100 0 90 10§ 10% ? 
Mylanus et al? 1994 68 22 (8-45) 68 0 68 0 3% 86% 
Mylanus and Cremers!® 1994 33 15 (9-25) 0 33 33 0 6% 79% 
Current study 163 29 (8-84) 38 125 131 32 5.5% 81% 


Studies of Niparko et al,6 Somers et al,!4 and Tjellström and Granstrém!5 are excluded because they also described titanium implants for 


attaching auricular prostheses. 
*Mean; range is in parentheses. 
{No skin reactions of type 2, 3, or 4. 
§No subcutaneous skin reductions. 
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graft.!8 Although only short-term results are avail- 
able, this study shows that the omission of a skin 
graft produces comparable clinical results. The op- 
eration is shortened by 15 to 30 minutes and the pro- 
cedure is less complicated. Direct postoperative heal- 
ing seems faster, and fewer outpatient checkups are 
necessary. Folding the pinna forward, in order to ob- 
tain a retroauricular hair-free skin graft, is no longer 
necessary, and omitting it may prevent an extra skin 
fold around the abutment. In omitting the free skin 
graft, there are thus 4 differences from the original 
2-stage surgical procedures. (Mylanus and Cremers}? 


have previously described 3 of these 4 differences.) 
The new surgical procedure is efficient and produces 
favorable results. At present, this surgical procedure 
takes precedence over the others. 


CONCLUSIONS 


In this study, the 1-stage surgical procedure with- 
out the use of a free skin graft provided good postop- 
erative results, comparable with those from previ- 
ous studies. The presented simplified implantation 
technique is a refinement that improves surgical man- 
agement and postoperative care. 
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Bacterial meningitis is one of the most common causes of acquired profound sensorineural deafness in children. Measurement 
of hearing and examination of the cochlea is limited in patients suffering from acute meningitis. A rabbit model of pneumococcal 
meningitis was developed to identify the temporal bone histopathologic changes that occur in meningogenic labyrinthitis caused by 
Streptococcus pneumoniae. Light microscopy was previously performed on temporal bones from acutely meningitic rabbits with 
profound hearing loss as determined electrophysiologically. Extensive inflammation of the cochlea with endolymphatic hydrops 
was observed. The organ of Corti, however, showed preserved architecture in the majority of these animals. In order to further 
investigate these findings, a protocol was used to create meningitic rabbits with hearing loss ranging from early high-frequency loss 
to profound deafness. The temporal bones from 7 rabbits were examined by transmission electron microscopy. In cases of mild 
hearing loss, partial degeneration of the inner row of outer hair cells, as well as edema of efferent cochlear nerve endings and 
marginal cells of the stria vascularis, was seen. With increasing degrees of hearing loss, the remainder of the organ of Corti and 
intermediate cells of the stria showed ultrastructural abnormalities. Spiral ganglion cells and basal cells of the stria vascularis 
remained intact in all subjects. This study provides unique information regarding the histology and pathophysiology of meningogenic 
deafness. The clinical implications of these findings are discussed, with an emphasis on potentially reversible changes and therapeu- 
tic intervention. 


KEY WORDS — electron microscopy, labyrinthitis, pneumococcal meningitis, rabbit, sensorineural hearing loss, temporal 


bone histopathology. 


_ INTRODUCTION 


Bacterial meningitis is a life-threatening infection 
that affects over 30,000 patients in the United States 
each year, most of whom are children.! Sensorineu- 
ral hearing loss is a common complication of bacte- 
rial meningitis, affecting between 5% and 33% of 
patients. !-5 The hearing loss is often severe, making 
meningitis one of the most common causes of ac- 
quired profound sensorineural deafness in children.?3 
Streptococcus pneumoniae is the organism most like- 
ly to cause hearing loss as a sequela of meningitis.3-4 


Current knowledge of the relationship between 
hearing loss and bacterial meningitis is based pri- 
marily on a number of clinical studies.2 Many ba- 
sic issues regarding the pathogenesis of this hearing 
loss, however, remain unknown. Further knowledge 
in this area from human clinical studies will always 





be difficult because of the impracticalities of frequent 
hearing measurements in severely ill children. An 
examination of temporal bone histology in acute 
meningitis is not possible because, with modern an- 
tibiotic regimens, most patients with meningitis sur- 
vive their infection. 


We developed an animal model of hearing loss in 
pneumococcal meningitis to overcome the weak- 
nesses inherent in clinical studies of this subject and 
to better understand the pathogenesis of this disease. 
This model offers the opportunity to closely moni- 
tor hearing loss as it develops, and to examine the 
associated histopathology at any point from early, 
minimal hearing loss to later, profound deafness. 


In previous light microscopy studies,’® it was 
shown that inflammation began at the cochlear base 
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HEARING LOSSES AT TIME OF SACRIFIC 


Hearing Loss 














Time of Sacrifice (dB SPL) 
Rabbit (Postinoculation) Ear 10kHz_ Clicks 

1 (control) 2 wk R 0 0 
L 0 0 

2 (control) 2 wk R 0 0 
L 0 0 

3 18h R 10 0 

L 10 0 

4 18h R 10 0 

L 10 0 

5 36h R 30 30 

L 30 30 

6 30h R 60 50 

L 50 40 

7 60h R NR NR 

L NR NR 


NR — no response to maximum stimulus intensity (ie, profoundly 
deaf). 





(near the opening of the cochlear aqueduct), and 
spread to the apex; this spread paralleled the progres- 
sion of hearing loss from high to low frequencies 
seen in these animals. In rabbits with profound hear- 
ing loss, acute inflammation was seen throughout 
the perilymphatic spaces of the labyrinth. In most 
specimens, the scala media contained an eosinophilic 
precipitate and areas of fibrin. Polymorphonuclear 
leukocytes (PMNs) were seen in the scala media only 
when inflammation in the perilymph was səvere. A 
bulging of Reissner’s membrane into the scala ves- 
tibuli (ie, endolymphatic hydrops) was seen in all 
specimens. The average total spiral gang-ion cell 
count in acutely infected rabbits (19,962) was not 
significantly different from that in normal controls 
(19,728; W. Hsu, personal communication, 1996). 


In most specimens, surprisingly, the organ of Corti 
appeared normal on light microscopy. In some cases, 
degenerative changes in hair cells and sudporting 
cells consisting of cytoplasmic swelling ard apical 
migration, pyknosis, or extrusion of nuclei were seen. 
These changes were always associated with leuko- 
cytic infiltration of the scala media. 


The protocol described in this paper was devel- 
oped to examine this phenomenon at an ultrastruc- 
tural level. The temporal bones of acutely meningit- 
ic rabbits with hearing loss ranging from eazly high- 
frequency hearing loss to profound deafness were 
examined by transmission electron microscopy. 


MATERIALS AND METHODS 


Subjects. Seven female 2-kg New Zealarid White 
rabbits were housed in individual cages in a temper- 
ature-controlled light-cycle environment with food 


and water provided ad libitum. Five animals were 
randomly selected as the test group, with the remain- 
ing 2 used as noninfected controls. 


Hearing Assessment. The animals were anesthe- 
tized with ketamine hydrochloride (25 mg/kg) and 
xylazine hydrochloride (6 mg/kg) administered in- 
tramuscularly. The scalp was shaved and percutane- 
ous Grass needle electrodes were placed in the mid- 
line of the rabbit occiput and snout. Baseline audi- 
tory evoked responses (AERs) were then assessed 
for both ears of all 7 animals as previously de- 
scribed.” Tone bursts of 10 kHz were used as nar- 
rowband stimuli, and rarefaction clicks were gener- 
ated as well. The contralateral ear was masked with 
a broadband noise at 40 dB below the intensity of 
the ipsilateral stimulus. The stimuli were initially 
presented approximately 30 dB above the expected 
threshold and decreased by 10-dB steps. Evoked re- 
sponses were measured for each stimulus until the 
largest wave present in the response was no longer 
visible, and the background noise of the trace was 
less than 100 nanovolts. Maximum stimulus intensity 
was 128 dB peak sound pressure level (SPL) for 
clicks and 82 dB SPL (ungated) for 10-kHz tone 
bursts. One author (S.M.B.), blinded to the subject 
and time of measurement, reviewed all AERs for the 
presence or absence of a response. 


Bacterial Inoculation. Streptococcus pneumoniae 
type III was grown and suspended in sterile saline at 
a density of 1 x 10° colony-forming units per milli- 
liter as described previously. The rabbits were anes- 
thetized as described above, and each animal’s neck 
was prepared with iodine. The cisterna magna was 
entered with a 27-gauge needle, cerebrospinal fluid 
was withdrawn to verify position, and 500,000 col- 
ony-forming units (0.5 mL) were inoculated. Bacte- 
rial inocula were titered on Brucella and 5% horse 
blood agar. The 2 control rabbits were inoculated 
with an equal volume of sterile saline diluent. 


Monitoring of Hearing Loss and Histopathology. 
Following inoculation, the rabbits were housed in 
separate cages and observed. The AER thresholds 
were tested every 6 hours, beginning 12 hours after 
inoculation. As hearing loss developed, the rabbits 
were painlessly sacrificed under deep ketamine and 
xylazine anesthesia and their temporal bones were 
harvested. This resulted in a collection of temporal 
bone specimens with hearing losses ranging from 
mild to profound (see Table). The rate of hearing 
loss progression was in keeping with previous stud- 
ies.78 Intravital cardiac perfusion was performed 
with saline, followed by intracardiac perfusion of 
fixative solution (2.5% glutaraldehyde and 2.0% 
paraformaldehyde in 0.1-mol/L phosphate buffer at 
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pH 7.3). The temporal bones were then harvested, 
the bullae opened, and the ossicles removed. The 
stapes footplate was removed with a 0.3-mm hook, 
and the specimens were trimmed and reimmersed 
overnight in fixative. The specimens were decalci- 
fied in 0.1-mol/L ethylenediaminetetraacetic acid 
with 2.0% glutaraldehyde in 0.1-mol/L phosphate 
buffer. They were then postfixed in 1.0% phosphate- 
buffered osmium tetroxide, dehydrated in graded 
alcohols, and embedded in Polybed-812. For subse- 
quent electron microscopy, the cochleas were bi- 
-sected along the longitudinal axis and the cochlear 
turns were separated. Ultrathin sections were cut, 
then stained with uranyl acetate and Sato’s triple lead 
stain. Photographs were taken with a JEOL 100 CX 
transmission electron microscope at magnifications 
ranging from 1,000x to 33,000x. 


The 2 control animals were painlessly sacrificed 
at 2 weeks following intrathecal inoculation with sa- 
line, and their temporal bones were processed in a 
manner identical to that of the infected subjects. The 
AERs of the control subjects were repeated at the 
time of sacrifice and were unchanged from baseline. 
The basal turns of the cochleas in both ears of all 7 
rabbits were examined systematically by one author 
(R.S.K.), who was blinded as to the subject’s hear- 
ing status. This included a review of the organ of 
Corti, cochlear nerve, spiral ganglion cells, and stria 
vascularis. The distribution of bacteria and inflam- 
matory cells within the cochlea was also noted. The 
cochleas were examined at the 3.5-mm region of the 
basal turn, which corresponds to the region of the 
rabbit basilar membrane that is maximally stimulated 
by the high-frequency (10 kHz) stimulus? (also John 
Rosowski, personal communication, 1996). 


RESULTS 


Controls. Histopathologic examination of the 2 
control subjects (rabbits 1 and 2) showed no signifi- 
cant abnormalities. Mild swelling was noted of a few 
outer and inner hair cell mitochondria and occasional 
nerve endings and was attributed to preparation arti- 
fact. One control showed some dense bodies within 
a few spiral ganglion cells. The remainder of the 
cochlear structures were normal. 


Mild Hearing Loss. Rabbits 3 and 4 were sacri- 
ficed at the first sign of hearing loss, this being a 10- 
dB threshold elevation for the 10-kHz stimulus, with 
an unchanged threshold for clicks (see Table). Ex- 
amination of the cochlear base in these animals re- 
vealed several abnormalities. Outer hair cells (OHCs) 
showed edema of mitochondria with distortion of 
cristae. Efferent nerve synapses contained swollen 
nerve endings. The OHC afferent synapses were not 


affected. Interestingly, both subjects had partial de- 
generation of the inner row of OHCs in the cochlear 
base of:at least 1 ear (Fig 1A). Cilia were not af- 
fected. Examination of the inner hair cells (IHCs) in 
these animals showed mild vacuolization of cyto- 
plasm, as well as swelling of afferent nerve endings. 
The cilia were normal. 


The supporting cells were normal other than oc- 
casional myelin figures in the Deiters’ cells. The basi- 
lar membrane was normal. Both animals had down- 
ward displacement of the tectorial membrane with- 
out disruption of cilia. Reissner’s membrane in rab- 
bit 4 showed some electron-dense cells, but was oth- 
erwise normal. Within the stria vascularis, vacuoliza- 
tion of the marginal cells, some of which were par- 
tially degenerated, was noted. There was swelling 
of intermediate cells and mild intercellular edema. 
Basal cells appeared normal, with intact tight junc- 
tions (Fig 1B). 


Type I cochlear neurons showed occasional my- 
elin figures, with very mild vacuolization of some 
spiral ganglion cells. Polymorphonuclear leukocytes 
were seen in Rosenthal’s canal and in the scala tym- 
pani of rabbit 3. Rabbit 4 was found to have PMNs 
within the scala vestibuli, and bacteria were identi- 
fied below the basilar membrane in the scala tympani 
of this animal (Fig 1C). : 


Moderate Hearing Loss. Rabbit 5 was sacrificed 
when the hearing loss was’30 dB above baseline 
threshold for both clicks and 10 kHz in each ear. 
The OHCs in this subject’s cochlear base had in- 
creased ground substance within their cytoplasm, and 
a slightly increased proportion of lysosomal gran- 
ules. The mitochondria were more swollen than in 
previous subjects, but other organelles such as Golgi 
bodies and subsurface cisternae were intact. In this 
animal, all 3 rows of OHCs had efferent nerve end- 
ings that were swollen and contained myelin figures. 
The afferent nerve endings appeared normal. The 
OHC cilia displayed mild distortion with rare blebs. 
The IHCs appeared intact, although some of their 
afferent nerve endings were edematous. 


Increased cytoplasmic density and vacuolization 
of Deiters’ cells was apparent. Hensen’s cells were 
electron-dense as well. The marginal cells of the stria 
vascularis were vacuolated, and further swelling of 
the intermediate cells was noted. The basal cells re- 
mained normal. We saw PMNs in the spiral ligament, 
scala tympani, and scala vestibuli. One bacterium 
was identified within the scala media near the cilia 
of an IHC (Fig 2). 


Severe Hearing Loss. Rabbit 6 was sacrificed 
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Fig |. Mild hearing loss. A) (Rabbit 3) Outer hair cells 
(original 2,000). Note degeneration of first row of OHCs 
(arrowhead), with intact stereocilia (arrows) and tectorial 
membrane (T). B) (Rabbit 4) Stria vascularis (original 
«2,000), Note vacuolization of marginal cell (M) and mild 
intercellular edema. Basal cells (B) are normal. SL — spi- 
ral ligament. C) (Rabbit 4) Bacteria (arrows) within scala 
tympani (ST), below basilar membrane (original x8,300). 


when the hearing loss was 50 dB for clicks and 60 and 50 dB for 10 kHz in the left ear. The inner row 
dB for 10 kHz in the right ear, and 40 dB for clicks of OHCs at the cochlear base in each ear showed 
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Fig 2. (Rabbit 5) Moderate hearing loss (original x5,000). 
Bacterium (arrowhead) near apical portion of inner hair 
cell, which has slightly dense cytoplasm but intact ste- 
reocilia (arrow). 


severe degeneration, with pyknotic nuclei, glycogen 
granules, vacuolization, and absent subsurface cis- 
ternae and Golgi bodies. The mitochondria contained 
multiple myelin figures. Swelling of the second and 
third rows of OHCs with irregular nuclear mem- 
branes was noted. The cilia of OHCs were blunted 
and bent; some showed fusion (Fig 3A). The effer- 
ent nerve endings were swollen, while the afferent 
synapses remained intact. The IHCs showed degen- 
erated nuclei and disrupted cell membranes, with 
fused and/or missing cilia. Their afferent nerve end- 
ings were cystic (Fig 3B). 


Deiters’ and Hensen’s cells contained myelin fig- 
ures, and the cytoplasm of the inner phalangeal cells 
was electron-dense. The basilar and tectorial mem- 
branes remained intact, but Reissner’s membrane 
consisted of cells with vacuolization and occasional 
myelin figures. There was vacuolization of some spi- 
ral ganglion cells and occasional myelin figures in 
both type I and type II neurons. The strial marginal 
cells had degenerating nuclei with clefting, and the 
intermediate cells showed vacuolization and shrink- 
age. The basal cells appeared normal. We saw PMNs 
in the scala vestibuli, in Corti’s tunnel, and within 


the capillaries of the stria. Macrophages were seen 
in the tunnel of Corti, adjacent to the OHCs. Pneu- 
mococci were present in the scala tympani and in 
the region of the third row of OHCs near Hensen’s 
cells. 


Profound Hearing Loss. Rabbit 7 was sacrificed 
immediately after being determined to have bilater- 
al, profound deafness (no response to maximal stimu- 
lus intensity of clicks and 10-kHz tone bursts). In 
this animal, all 3 rows of OHCs were severely de- 
generated (Fig 4A), with disrupted nuclear reticular 
lamina, absence of Golgi bodies and subsurface cis- 
ternae, and markedly decreased numbers of mito- 
chondria. Both efferent and afferent nerve synapses 
were swollen. The IHCs were degenerating, with 
edematous afferent nerve endings. 


The supporting cells were almost all abnormal, 
with vacuolization of the inner phalangeal cells and 
dense pillar cells and outer sulcus cells. Macrophages 
were seen penetrating the basilar membrane. There 
were PMNs interspersed along the tectorial mem- 
brane, and interdental cells in the limbus were degen- 
erating. The cells of Reissner’s membrane were de- 
generating, with breaks noted in the basement mem- 
brane (Fig 4B). Some spiral ganglion cells contained 
myelin figures, but overall, they appeared intact, with 
mildly increased cytoplasmic density (Fig 4C). The 
marginal cells of the stria vascularis showed severe 
vacuolization and large cystic spaces, with widened 
intercellular spaces. The intermediate cells were 
edematous, but the basal cells remained intact (Fig 
4D). There were PMNs and macrophages within the 
spiral ligament, and electron-dense, vacuolated epi- 
thelial cells in the spiral prominence. Numerous 
PMNs, and associated proteinaceous debris, were lo- 
cated below the basilar membrane in the scala tym- 
pani, as well as in the scala media. Bacteria were 
identified in chains within the scala vestibuli, includ- 
ing | phagocytized bacterium. 


DISCUSSION 


This ultrastructural study of meningogenic laby- 
rinthitis revealed that there are indeed major abnor- 
malities evident at the electron microscopy level that 
were not identifiable by light microscopy alone, dem- 
onstrating the need for both techniques for a com- 
plete assessment of this process. The mildest hear- 
ing loss seen, only 10 dB threshold elevation at 10 
kHz, was accompanied by abnormalities of the cor- 
responding region of the cochlea. This included par- 
tial degeneration of the inner row of OHCs, edema 
of the efferent cochlear nerve endings, and vacuoliza- 
tion of the marginal cells of the stria vascularis. In- 
flammatory cells (PMNs) and bacteria were already 
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Fig 3. (Rabbit 6) Severe hearing loss, A) First row of outer hair cells (left ear), showing vacuoles and swollen mito- 
chondrion (m; original x26,000). Stereocilia (arrowheads) are bent, swollen, and/or fused. CP — cuticular plate. B) 
Inner hair cell (right ear; original x2,000), Note absence of stereocilia (arrow) and vacuolization of cytoplasm. Nu- 
cleus (N) of IHC is pale, showing chromatolysis. Afferent nerve endings (A) are swollen and cystic. SM — scala 
media, be — border cell, bm — basement membrane, hp — habenula perforata, ipc — inner pillar cell. 


present in both the scala tympani and scala vestibuli. 


The progression to moderate hearing loss was ac- 
companied by more widespread structural changes. 
The second and third rows of OHCs showed in- 
creased cytoplasmic density, and swollen efferent 
nerve endings were seen. The IHCs remained rela- 
tively intact. The strial intermediate cells were more 
edematous. The PMNs remained confined to the peri- 
lymphatic fluid spaces, but pneumococci had entered 
the scala media. 


Severe hearing loss was associated with consider- 
ably more damage to the cochlear structures, includ- 
ing the supporting cells, IHCs and OHCs, and their 
afferent and efferent synapses. The strial marginal 
cells and intermediate cells showed vacuolization, 
and the intercellular spaces were widened by edema. 
With profound hearing loss, inflammatory cells 
(PMNs and macrophages) and bacteria were seen 
throughout the perilymphatic and endolymphatic 
fluid compartments. Interestingly, the spiral ganglion 
cells and basal cells of the stria vascularis remained 
intact in this subject with acute, profound menin- 
gitic deafness. 


To our knowledge, this represents the only study 
of the changes in cochlear ultrastructure seen for spe- 
cific levels of meningitis-induced hearing loss. Other 
animal studies of labyrinthitis have illustrated find- 
ings both similar to and contrasting with ours. 10-23 
Tarlow et al! measured an early, mild hearing loss 
(mean 15 dB hearing level) in cochlear microphonics 
and compound action potentials approximately | 
hour following the injection of Escherichia coli en- 
dotoxin into guinea pig cochleas. Using scanning 
electron microscopy, they found generalized swell- 
ing of the tectorial membrane and kinking or bend- 
ing of IHC and OHC stereocilia, and they attributed 
their functional electrophysiologic deficits to this 
effect. Our findings do not support these ciliary 
changes as necessary for hearing loss, as rabbits with 
similar or greater degrees of hearing loss showed 
intact OHC and IHC stereocilia. 


Comis et al!! perfused guinea pig cochleas with 
pneumolysin, the cytolytic exotoxin of § pneumo- 
niae, and found a dose-dependent effect on cochlear 
microphonics and compound action potentials. Scan- 
ning electron microscopy revealed severe and wide- 
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Fig 4. (Rabbit 7) Profound deafness. A) Degenerated remnant of third row of outer hair cells (arrow; original 
x6,600). Note proteinaceous precipitate below tectorial membrane (T). HC — Hensen’s cell, RL. — reticular 
lamina. B) Reissner’s membrane (original x3,300). Macrophages (arrows) and degenerating mesothelial cells 
(MC), with breaks in basement membrane (bm), are seen. Note bacteria (arrowheads) within scala media 
(SM). SV — scala vestibuli. C) Spiral ganglion cells (original x2,600). Note normal appearance of these 
cells, including | that contains small myelin figure (arrow). D) Stria vascularis (original x2,000). Note vacuoli- 
zation of marginal cells (M) with cystic spaces (arrows). Intermediate cells (I) are partially degenerate, Basal 
cells (B) and their junctions remain intact. c — capillary, SL — spiral ligament, SM — scala media. 


a 


+3 
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spread damage throughout all turns of the organ of 
Corti. Although all the rows of OHC cilia were dis- 
rupted, the severity of the damage increased progres- 
sively from row 1 (inner row) to row 3 (outer row). 
Damage sustained by the IHCs was comparable to 
that of OHC rows 2 and 3. Similar changes were 
noted by Ross et al,!2 who induced autoimmune laby- 
rinthitis by injecting foreign protein into the scala 
tympani of guinea pigs. Our findings are consistent 
with this pattern of change, but differ in that the ear- 
liest damage to hair cells was limited to the inner 
row of OHCs in the rabbit model. This may be due 
to toxin-related effects. For example, Friedland et 
al!3 concluded that pneumolysin does not have a ma- 
jor role in the pathogenesis of meningeal inflamma- 
tion in natural pneumococcal meningitis. Another ex- 
planation may be that the above studies involved di- 
rect perfusion of the scala spaces with inherent poten- 
tial for artifact induction. 


The finding of earliest and most severe damage to 
the inner row of OHCs has been reported in studies 
of nonmeningitic cochlear damage, including high 
doses of aminoglycoside in rats!* and intravenous 
injection of carboplatin in chinchillas.!5 Conversely, 
several studies have shown a reverse order of OHC 
susceptibility, with the second and third rows of 
OHCs being most damaged, and the first (inner) row 
of OHCs least affected. These studies have included 
waltzing guinea pigs,!6 toluene exposure by inhala- 
tion in rats,!7 and guinea pigs with fast neutron irra- 
diation to their cochleas.!8 


Kaplan et al! found suppurative labyrinthitis 48 
hours after inducing Haemophilus influenzae men- 
ingitis in rats, but hearing was not assessed. Blank 
et al2° induced pneumococcal meningitis in guinea 
pigs and described a pattern of inflammation within 


the perilymphatic spaces, progressing from cochlear — 


base to apex, similar to our findings. In their study, 
no inflammation was apparent in the scala media or 
spiral ganglion on light microscopy. Electron micros- 
copy was not performed. Cochlear cytoarchitecture 
was not described, and the animals’ hearing integ- 
rity was tested only grossly, by Preyer’s reflexes. 


Schachern et al?! inoculated S pneumoniae into 
the middle ears of chinchillas and studied their tem- 
poral bones with light and transmission electron mi- 
croscopy. The scala tympani and vestibuli, in all 
cochlear turns, were found to contain bacteria, fi- 
brin, and PMNs. Bacteria were identified entering 
the area of the myelinated nerves through Schu- 
knecht’s canals, with spread into the organ of Corti 
via the habenula perforata. The nerves were often 
degenerated, and OHCs and IHCs were missing or 
atrophied in all turns. In all symptomatic animals, 


the striae vasculares were edematous, hemorrhagic, 
and in some cases atrophic; Reissner’s membranes 
were hydropic in all cochlear turns. Infection in these 
cases was the result of direct extension through the 
round window membranes, and hearing was not as- 
sessed. The more extensive degree of damage seen 
in their study in comparison with ours is likely at- 
tributable to the fact that their animals were sacri- 
ficed when they demonstrated vestibular signs of 
labyrinthitis (head tilt or staggering). In our model, 
vestibular signs occur 12 to 24 hours following pro- 
found deafness and represent a later stage of infec- 
tion and inflammation. 


Animal studies of viral labyrinthitis22,23 have 
shown preferential involvement of the stria vascu- 
laris. As was the case in our bacterial model, the basal 
cells were extremely resistant to the viral infection, 
maintaining cytologic integrity despite the severe de- 
generation of marginal and intermediate cells in the 
contiguous area. 


Light microscopy of human temporal bone changes 
in meningitis shows suppurative labyrinthitis, most 
severe in the perilymphatic spaces.®2425 Merchant 
and Gopen® reviewed 41 human temporal bones of 
patients with acute bacterial meningitis. Suppurative 
labyrinthitis was seen in 49% of these bones, yet sen- 
sory and neural structures of the inner ear were in- 
tact in the majority of specimens at the light micros- 
copy level. These investigators compared their hu- 
man temporal bone findings to those of our rabbit 
meningitis model, and found many similarities in 
both groups’ inner ear histopathology. This study was 
limited by the lack of audiological documentation 
of hearing loss in their human temporal bone sub- 
jects, thus underscoring the need for a controlled ani- 
mal model to understand the pathogenesis and pro- 
gression of meningitic hearing loss. Moreover, elec- 
tron microscopy of temporal bone changes was not 
available. Their findings questioned the traditional 
assumption that suppurative labyrinthitis (defined as 
the presence of inflammatory cells in the fluid spaces 
and/or tissues of the inner ear) results in permanent 
and irreversible hearing loss.” 


Our study has revealed that meningogenic laby- 
rinthitis is associated with inflammatory changes of 
the cochlea at an early time point. For example, the 
temporal bone of rabbit 4 contained PMNs within 
the perilymphatic spaces of the scala vestibuli, and 
bacteria within the scala tympani, despite near-nor- 
mal hearing status in this subject. The finding of 
“suppurative” labyrinthitis at a stage of mild hear- 
ing loss reinforces the need to reevaluate the notion 
that serous labyrinthitis is associated with reversible 
hearing loss, while suppurative labyrinthitis results 
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in irreversible deafness. Previous studies (Rappaport 
et al, unpublished data) have shown this mild to mod- 
erate degree of hearing loss to be potentially rever- 
sible, and the lack of widespread ultrastructural co- 
chlear damage supports this concept. We propose that 
the designation of suppurative labyrinthitis remain 
a descriptive term only, without a connotation of 
functional (ie, irreversible) hearing loss. In fact, our 
model suggests that it is suppuration of the endolym- 
phatic fluid compartment that more specifically is 
associated with severe and permanent deafness. 


Our findings do not necessarily imply or prove 
that these ultrastructural abnormalities are directly 
causing the observed hearing loss; one can hypoth- 
esize, however, as to the pathoetiologic mechanisms 
of this hearing loss on the basis of the parallel 
changes seen on electron microscopy. In the earliest 
stages of meningitic infection, bacteria and inflam- 
matory cells were already present within the animals’ 
cochleas. One can postulate that their initial audi- 
tory dysfunction may be due to altered homeostasis 
of inner ear fluid composition, including changes in 
viscosity or, more likely, endocochlear potential. De- 
rangement of the electrochemical gradient is particu- 
larly likely at the point that strial intermediate cells 
become affected and widened intercellular spaces are 
evident, as seen at stages of moderate sensorineural 
deafness in this study. In fact, ototoxic effects with- 
out obvious histologic destruction of sensory epithe- 
lia have previously been reported with the diuretics 
furosemide and ethacrynic acid,”° salicylates,’ and 
indomethacin.?8 The ototoxic effects of these com- 
pounds are known to be reversible. Schwarz et al?9 
studied chloroform-induced ototoxicity in guinea 
pigs and rats and found that these animals devel- 
oped acute deafness despite normal inner ear histo- 
logic appearance on light microscopy. A secondary 
labyrinthitis, resulting in endolymphatic hydrops, 
was noted in these animals at a later time period and 
was associated with a permanent threshold shift. 


Endolymphatic hydrops was seen in all deaf rab- 
bits on light microscopy. Electrophysiologic and 
electrochemical changes have been observed in the 
inner ear with experimental hydrops, including a de- 
crease in endocochlear potential?° and a decrease in 
immunoreactivity for a variety of enzymes, calcium 
binding proteins, structural proteins, and integral 
membrane proteins of gap junctions, particularly 
among type I and type II fibrocytes of the lateral 
cochlear wail,3! Mizuta et al?? localized the sodium- 
potassium-chloride cotransporter as present in both 
the marginal and intermediate cells of the stria vas- 
cularis in rabbits. One may hypothesize, then, that 
mild to moderate hearing loss can occur secondary 


to alterations in protein function (eg, sodium-potas- 
sium adenosine triphosphatase), with subsequent 
gross alterations in enzyme and/or ionic milieus (eg, 
changes in pH or in calcium, sodium, or potassium 
levels). 


In experimentally induced endolymphatic hy- 
drops, a variable pattern of threshold elevations has 
been described. In these animal models, degenera- 
tion of hair cells and neurons is often rapid and se- 
vere. In addition to degeneration and loss of both 
OHCs and JHCs, abnormalities of the stereocilia 
among the remaining hair cells are seen. It has been 
suggested that this submicroscopic histopathology 
of stereocilia may be the cause of sensorineural hear- 
ing loss in these experimental animals.>!.33 In a study 
of hydropic rabbits, Lonsbury-Martin et al34 sug- 
gested that dysfunction of the primary cochlear neu- 
ron may be more important than hair cell dysfunc- 
tion in the pathogenesis of hearing loss. 


The current study thus identifies early stages in the 
progression of meningitic deafness in which struc- 
tural damage is mild (nonlethal to cells), and during 
which the hearing loss may be potentially revers- 
ible. Studies have suggested that the host immune 
response to the infecting organisms is responsible 
for much of the morbidity produced by bacterial men- 
ingitis.! The advent of effective antimicrobial therapy 
and improved medical management have resulted in 
more patients’ surviving meningitis with residual 
deafness. By measuring hearing loss very early in 
meningitis, some clinical studies in humans have 
shown that the hearing loss may indeed be revers- 
ible.35-37 Therefore, the elucidation of the mecha- 
nisms for this hearing loss as a potential route for 
therapeutic intervention is crucial. 


Prophylactic therapy to prevent meningitic hear- 
ing loss may take advantage of the potentially re- 
versible changes seen in this study. This therapy may 
be directed at prolonging the reversible state to al- 
low time for antibiotics to be effective, or may blunt 
the host inflammatory response and enhance repair 
of the sequelae of acute bacterial meningitis and its 
treatment. Early intervention with anti-inflammatory 
agents might prevent hearing loss from progressing 
to its more severe stages. In fact, our findings and 
hypotheses are in keeping with clinical studies that 
have shown a beneficial effect on hearing of dexa- 
methasone in addition to antibiotic treatment for 
meningitis. These studies have shown that cortico- 
steroids do appear to be successful in preventing the 
progression to moderate or greater bilateral hearing 
impairment in pediatric bacterial meningitis.384! Fur- 
ther, studies have revealed a beneficial therapeutic 
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effect of corticosteroids‘? and nonsteroidal agents*> 
in preventing or minimizing acquired meningitic 
deafness in the rabbit pneumococcal model. These 
studies found that treatment instituted by 18 hours 
postinfection could result in a reversal of as much as 
60 dB of acute sensorineural hearing loss, including 
a return to baseline thresholds in some animals. 


Certain structural insults that occur in pneumococ- 





cal meningitis likely represent irreversible damage 
to the auditory system. For example, the light mi- 
croscopy finding of inflammatory cells within the en- 
dolymphatic fluid (ie, scala media) was associated 
with derangement of hair cells within the cochleas 
of profoundly deaf animals. This suggests that once 
the endolymphatic fluid compartment is breached by 
inflammatory cells, permanent hearing loss is the 
likely sequela. 
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RELATIONSHIP OF THE UTRICULUS AND SACCULUS TO THE 
STAPES FOOTPLATE: ANATOMIC IMPLICATIONS FOR SOUND- 
AND/OR PRESSURE-INDUCED OTOLITH ACTIVATION 
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One hundred thirty human temporal bones that were sectioned in the vertical plane were examined to evaluate the relationship 
between the stapes footplate and the otolith organs. The shortest distance between the footplate and the utriculus was 0.58 + 0.10 mm 
in the posterior third of the oval window, 1.04 + 0.20 mm in the middle third, and 1.51 + 0.20 mm in the anterior third. The distance 
from the sacculus to the footplate was 1.33 + 0.20 mm in the middle third of the oval window and 1.31 + 0.18 mm in the anterior 
third. Membranous connections extending between the utriculus and the footplate were found in 26% of temporal bones. These 
membranous connections in coexistence with additional anatomic factors such as stapes hypermobility and/or dehiscence of bone 
within labyrinthine structures may predispose patients to sound- and/or pressure-induced otolith activation. The findings may have 


implications for different causes of the Tullio phenomenon. 


KEY WORDS — otolith, sacculus, stapes footplate, superior canal dehiscence, temporal bone histology, Tullio’s phenomenon, 


utriculus. 


INTRODUCTION 


Tullio! described sound-induced eye and head 
movements in pigeons after surgical semicircular 
canal fenestration. Vestibular signs and symptoms 
caused in humans by sounds have been attributed to 
semicircular canal and otolith mechanisms. The Tul- 
lio phenomenon resulting from semicircular canal 
stimulation, with rotatory vertigo and nystagmus in 
the plane of the affected canal, has classically been 
identified as a complication of congenital temporal 
bone anomalies, syphilis, or cholesteatoma with ero- 
sion of bone overlying a semicircular canal, and as a 
finding after fenestration surgery for otosclerosis. 
Minor et al? recently described a syndrome of sound- 
and/or pressure-evoked vertigo and nystagmus in pa- 
tients with a dehiscence of bone overlying the supe- 
rior semicircular canal. This opening in the bone 
overlying the superior canal creates a third mobile 
window into the inner ear that allows the canal to 
respond to sound and to changes in pressure in the 
membranous labyrinth. The evoked eye movements 
are in the plane of the superior canal. 


Patients with symptoms and signs thought to be 
attributable to sound-induced otolith activation have 
also been identified.3* In an extensively studied case, 
Dieterich et al> reported a 35-year-old professional 


horn player who developed vertigo and postural im- 
balance evoked by tones of 480 + 20 Hz at 95 dB in 
the left ear after he had practiced a new technique 
that involved high pressure in the nasopharynx and 
eustachian tube. The patient developed an “excita- 
tory” ocular tilt reaction to these tones, ie, vertical 
skew deviation of the eyes with hypertropia (ipsilat- 
eral eye higher than contralateral, contralateral tor- 
sional deviation of the superior poles of the eyes, 
and contralateral head tilt). A hyperactive acoustic 
reflex in the affected ear, indicative of large-ampli- 
tude movements of the stapes footplate, was noted 
with impedance testing. Subluxation of the stapes 
footplate and hypertrophy of the stapedius muscle 
were found on middle ear exploration. The cause of 
the sound-induced symptoms and signs was thought 
to be activation of the utriculus by motion of the 
stapes. Cartilage and, later, compressed silicone foam 
were interposed between the stapes crurae to inten- 
tionally fix the footplate. The sound-induced parox- 
ysms of the ocular tilt reaction and postural imbal- 
ance subsequently resolved. 


An “inhibitory” ocular tilt reaction, with eye and 
head movements in the direction opposite to those 
described above, has also been identified.® Such find- 
ings can occur in cases of presumed injury to the 
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Fig 1. Right oval window according to Anson et al"? 
(modified with permission), illustrating superior (a), 
point of maximal width (b), and inferior (c) levels. Ver- 
tical lines are added to represent sites of measurement 
along oval window in current study (D — posterior, E 
— middle, F — anterior). 


utriculus such as following stapedectomy with mi- 
gration of the prosthesis into the vestibule. Parox- 
ysms of the ocular tilt reaction, oscillopsia, and pos- 
tural imbalance have been termed the otolith Tullio 
phenomenon.*5 


Experimental studies have identified eye move- 
ments evoked by stimulation of specific regions of 
the utriculus and sacculus. Fluur and Mellstrém7* 
observed eye movements evoked by microstimula- 
tion of discrete regions of the utricular and saccular 
maculae of cats. Coordinated upward, downward, 
or horizontal movements of both eyes were produced 
according to the relationship of the area of stimula- 
tion to the striola. Curthoys,” however, noted upward 
eye movements in response to microstimulation of 
all regions of the utricular and saccular maculae of 
guinea pigs. Differences in surgical approaches to 
the vestibule and/or microstimulation techniques 
may account for the discrepancy between findings 
in these studies. 


Electrical stimulation of the utricular nerve in alert 
cats produces predominantly torsional eye move- 
ments with the superior pole of the eyes deviating 
away from the side of stimulation.!®!! Two other 
components of the eye movements evoked by utric- 
ular nerve stimulation were also noted: small verti- 
cal movements upward in the ipsilateral eye and 
downward in the contralateral eye, and small con- 
tralateral horizontal movements in both eyes. These 
findings correspond to those noted in the patient with 


presumed utricular stimulation by sound described 
by Dieterich et al.$ 


We examined vertically sectioned, archival human 
temporal bones to determine anatomic factors that 
may predispose to otolith activation by sound or pres- 
sure stimuli to the ear. Connective tissue structures 
joining the utriculus to the stapes footplate were iden- 
tified in 26% of the specimens. Such connections 
may have a role in eliciting otolith activation by these 
stimuli. A dehiscence in the labyrinth such as those 
identified in the superior canal or another anatomic 
abnormality such as hypermobility of the stapes foot- 
plate may be required in order for these types of ac- 
tivation to occur, 


MATERIALS AND METHODS 


The temporal bones examined in this study were 
from the Johns Hopkins University temporal bone 
registry. In accordance with standard methodology, 
each bone had been decalcified, embedded in celloi- 
din, and cut in the vertical plane in 24-um sections, 
and every 10th section was mounted and stained for 
histologic examination. Specimens were included in 
this study only if there was no evidence on micro- 
scopic examination of labyrinthine hydrops, inflam- 
mation, infection, osteitis, hemorrhage, congenital 
middle or inner ear malformation, stapes subluxation, 
or bony fistulization of the otic capsule. Death rec- 
ords were used to obtain demographic information 
and to exclude specimens from patients with docu- 
mented otologic disease. 


Sections were digitized (Hamamatsu CCD cam- 
era/Macintosh 840w), displayed on a video monitor 
(72 dots per inch), and saved as TIFF (tagged-image 
file format) files to preserve anatomic relationships. 
Distance calibration was done with a scale bar for 
each data collection session. On-line image analysis 
(NIH 1.58 software) was used to determine the short- 
est distance from the undersurface of the footplate 
to the utriculus and sacculus. Measurements were 
taken at the posterior, middle, and anterior regions 
of the oval window (Fig 1!?). Three measurements 
were taken at each location. The presence or absence 
of membranous connections and the relationships of 
these connections between the footplate and the oto- 
liths were documented. Findings required verifica- 
tion by 3 examiners to be included in the study. 


RESULTS 


One hundred thirty temporal bones met the crite- 
ria for inclusion in the study. Eighty-eight specimens 
were from males and 42 from females. The shortest 
distance between the footplate and the utriculus was 
0.58 +0.10 mm (mean + SD) in the posterior third 
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SHORTEST DISTANCE MEASURED BETWEEN OTOLITH ORGANS AND STAPES FOOTPLATE IN VERTICALLY 
SECTIONED HUMAN TEMPORAL BONES (N = 130) 


Middle Third 
Utriculus 


Posterior Third Anterior Third 


Utriculus Sacculus Sacculus Utriculus Sacculus 


Mean 0.58 N/A 1.04 1.33 1.51 1.31 
Median 0.59 N/A 1.00 1.30 1.47 1.28 
SD 0.10 N/A 0.20 0.20 0.20 0.18 


Data are in millimeters. 


N/A — not applicable. 


of the oval window, 1.04 + 0.20 mm in the middle 
third, and 1.51 +0.20 mm in the anterior third. The 
shortest distance from the sacculus to the footplate 
was 1.33 + 0.20 mm in the middle third of the oval 
window and 1.31 + 0.18 mm in the anterior third 
(see Table). The sacculus was not present in any of 
the posterior sections. In no specimen was either the 
utriculus or the sacculus in direct contact with the 
stapes footplate. 


Membranous connections between the utriculus 
and the footplate were found in 34 of the 130 bones 
(26%; Fig 2). Patients in this group ranged in age 
from 8 to 74 years. Twenty specimens were from 
males and 14 from females. These areas of connec- 
tive tissue were found bilaterally in 7 patients. The 
remaining 20 specimens had unilateral membranous 
connections only. The cause of death of the patients 
found to have membranous connections varied. Sev- 
en patients died of complications of pulmonary tu- 
berculosis, 6 of intracranial tumors unrelated to the 
inner ear or posterior fossa, 4 of cancer other than 
brain, 3 of atherosclerosis, 2 of aortic rupture, | each 
of bronchitis, rheumatic fever, cirrhosis, and menin- 
gitis, and | of an unknown cause. 


The membranous connections were not distributed 





evenly along the 3 regions of the footplate. The pos- 
terior footplate was the only site of involvement in 
18 specimens (Fig 3). The middle portion of the foot- 
plate was the sole site in 1 bone, and the connec- 
tions spanned from the posterior to the middle sec- 
tions in 15 samples. Membranous connections to the 
utriculus in immediate proximity to the macula were 
present in 33 of 34 specimens. Membranous con- 
nections did not contact the anterior footplate or the 
sacculus. 


DISCUSSION 


Stapes hypermobility resulting in direct mechani- 
cal activation of the macula of the utriculus has been 
suggested as one mechanism for the otolith Tullio 
phenomenon.> Our study examined relative distances 
between structures in the otic capsule and the stapes 
footplate in archival human temporal bone sections. 
Measurements of the shortest distance from the 
stapes base to the utriculus, sacculus, and foramen 
of the spherical recess in horizontal human tempo- 
ral bone sections were first reported by Anson et al.!? 
They measured a representative specimen and then 
documented the shortest distance from a group of 
25 additional bones. Their findings can be summa- 


Fig 2. A) Left temporal bone with 
connective tissue meshwork join- 
ing utriculus (U) to posterior as- 
pect of stapes footplate (S) and 
labyrinthine bone superior to foot- 
plate (x13). Macula of utriculus 
and portion of otoconial mem- 
brane are visualized, Also seen on 
this section are facial nerve (F), 
ampulla of superior canal (SA), 
and spiral ligament of cochlea 
(SL). B) Higher-power image 
from same section of trabecular 
network (C) that joins footplate 
(S) to utriculus (x33). 
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Fig 3. Two additional temporal 
bones from different patients dis- 
playing membranous connections 
(C) extending from posterior as- 
pect of stapes footplate (S) to utric- 
ulus (U; x33). A) Right. B) Left. 


rized as follows. At a transverse level near the supe- 
rior margin of the oval window, the distance from 
the footplate to the sacculus varied between 1.0 and 
1.4 mm in the representative specimen, with the 
shortest distance from the additional 25 bones being 
0.82 mm. The distance to the utriculus was between 
0.7 and 1.4 mm, and the shortest distance was 0.38 
mm. At the level of maximum horizontal width of 
the oval window, the sacculus and the utriculus were 
both 1.4 mm from the footplate, with the shortest 
distance from the footplate to the sacculus being 0.8 
mm, and to the utriculus, 0.2 mm. At the most infe- 
rior measurement in the oval window, the distance 
from the footplate to the sacculus was 2.0 mm (short- 
est distance 0.38 mm), and to the utriculus, 1.5 mm 
(shortest distance 0.65 mm). 


Since, within its dynamic operating range, the 
stapes moves in the oval window in a “piston-like™ 
manner,'> a significant amount of footplate move- 
ment would be required to make direct physical con- 
tact with the utriculus or sacculus sufficient to cause 
mechanical stimulation of the macula. The single 
measurement reported by Anson et al! of a distance 
from the footplate to the utriculus of 0.2 mm was 
much less than the 1.4 mm reported in their repre- 
sentative bone and was less than any measurement 
in our series. This narrow distance may represent an 
unusual finding in a selected specimen or some form 
of artifact of preparation in that particular section. 
The existence of some other anatomic factors link- 
ing the footplate to the otoliths and/or providing an 
additional mobile window into the labyrinth may be 
required for macular stimulation. 


Membranous connections between the utriculus 
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and the footplate were identified in 26% of the bones 
in this study. These connections appear to be exten- 
sions of the trabecular meshwork that supports oto- 
lith organs within the vestibule. There was no evi- 
dence of infectious or inflammatory processes in the 
bones examined in this study. The membranous con- 
nections extended through consecutive sections for 
a total length of 480 to 960 um in 15 specimens. In 
the 19 bones with membranous connections present 
in only | section, the connections may have extended 
up to 480 um, but not into the field of the successive 
cut. This argues that these connections are indeed 
membranes and not simply single strands of connec- 
tive tissue, 


Because of the principally horizontal orientation 
of the utricular macula, examination of vertically sec- 
tioned temporal bones allows for serial description 
of the relationship of this structure to the footplate 
of the stapes. Such direct measurements cannot be 
made from axial sections. When our data are consid- 
ered with those of Anson et al,'? the shortest dis- 
tance from the footplate to the utriculus is in the pos- 
terior-superior region of the oval window. In an ef- 
fort to minimize injury to the utriculus, avoidance 
of posterior footplate manipulation during stapes sur- 
gery is advised. The susceptibility of the utriculus to 
injury in this region is suggested by the report of 
utricular injury (an ocular tilt reaction based upon 
inhibition of the affected utriculus) in a patient fol- 
lowing stapedectomy with prosthesis placement in 
the posterior aspect of the footplate.® 

The membranous connections between the utricu- 


lus and the footplate identified in this study could 
perhaps tether the macula and thereby predispose af- 
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Fig 4. Right temporal bone showing relationship of pos- 
terior aspect of sacculus (SAC) to utriculus (U: x13), 
Also seen on this section are facial nerve (F) and stapes 
footplate (S). 


fected individuals to sound- and/or pressure-induced 
eye movements and postural imbalance. Nadol 4 re- 
ported vertigo and eye movements induced by mo- 
tion of the tympanic membrane with pressure in the 
external canal in patients with “vestibular fibrosis” 
typically resulting from long-standing Meniere’s dis- 
ease. Temporal bone studies showed contracted 
membranous spaces within the labyrinth and dense 
fibrous adhesions between the footplate and the oto- 
liths. It is unlikely that such connections, indepen- 
dent of other anatomic or physiological factors, could 


lead to such mechanical activation of the otoliths. If 


the connections alone were sufficient to induce oto- 
lith activation by these stimuli, then these signs and 
symptoms would probably be more commonly iden- 
tified. 


Erlich and Lawson! studied the incidence of sound- 
induced horizontal nystagmus in 40 patients with au- 
ditory and vestibular complaints and compared them 
to 10 asymptomatic subjects using electro-oculog- 
raphy. Pure tone stimuli from 500 to 6,000 Hz at 
110 dB were delivered for 90 seconds. Thirty-six 
(90%) of the patients with otologic complaints and 
‘all 10 (100%) of the asymptomatic subjects had nys- 
` tagmus, with slow phase eye velocity of 1°/s or great- 
er as measured by electro-oculography, that began 
at an average latency of 60 to 90 seconds from the 
onset of the stimulus. It is difficult to infer a mecha- 
nism of sound-induced eye movements occurring at 
these long latencies. 


Using a force platform, Ishizaki et al!® studied the 


effect of low-frequency sound (25, 50, and 63 Hz at 
130 to 132 dB for 30 seconds) on postural stability 
in 55 healthy volunteers and 152 patients with ver- 
tigo due to varied inner ear disorders. Eye move- 
ments were not recorded. In contrast to the study of 
Erlich and Lawson, !'5 these normal subjects had nor- 
mal sway with enhanced performance attributed to 
increased alertness from this exceedingly intense au- 
ditory stimulus. Twenty-six percent of patients with 
Meniere's disease, 40% of subjects with chronic otitis 
media and vertigo, and 26% of patients with vertigo 
of peripheral origin had significant sway for at least 
2 of 3 frequencies tested. Ishizaki et al postulated a 
possible role for vestibulospinal reflexes, which 
could have been evoked from sound-induced otolith 
activation, in the origin of these responses. 


Vestibular nerve afferents have been shown to re- 
spond to sound at frequencies of 200 to 400 Hz (120 
to 130 dB sound pressure level).!? Lower thresholds 
(90 to 100 dB) for activation of saccular afferents 
by sounds over the frequency range of 100 to 3,000 
Hz have been reported by McCue and Guinan.!*-!° 
Some units were excited by condensation, and oth- 
ers by rarefaction clicks. Responses were identified 
in most units at a latency of <1.0 millisecond fol- 
lowing onset of the tone. 


Colebatch et al% found that patients with the Tullio 
phenomenon had lower thresholds for activation of 
vestibulocollic reflexes with clicks ipsilateral to the 
sensitive ear. These click-evoked responses from the 
sternocleidomastoid muscle appear to arise from 
stimulation of the sacculus. Murofushi et al?! dem- 
onstrated in extracellular recording experiments that 
vestibular nerve afferents thought to innervate the 
sacculus responded at lower sound intensity levels 
than did those afferents innervating other end organs. 
Click-evoked myogenic potentials in the sternoclei- 
domastoid muscle have also been reported in patients 
after vestibular neuritis who later manifested pos- 
terior canal benign paroxysmal positional vertigo 
(BPPV) on the affected side.*? Patients who did not 
have posterior canal BPPV after vestibular neuritis 
did not have click-evoked myogenic potentials when 
tested. This finding implies that the sacculus is the 
site of origin for vestibular-evoked myogenic poten- 
tials and supports the notion that sound can result in 
otolith activation. It is unclear whether eye move- 
ments typically accompany these click-evoked re- 
sponses. 


The utriculus and sacculus are adjacent and at right 
angles to one another in the membranous labyrinth 
(Fig 4). Could the membranous connections identi- 
fied between the utriculus and footplate be contrib- 
uting to the diminished click-evoked vestibulocollic 
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reflexes seen in patients with the Tullio phenomenon? 
Recent experimental and modeling studies of fluid 
and pressure dynamics in the labyrinth indicate that 
such connections are likely to have only a subtle ef- 


ws 
P 


fect on pressure transmission through the system in 
the absence of abnormalities such as hypermobility 
of the stapes footplate or dehiscence of bone overly- 
ing one of the semicircular canals. 24 
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- EFFICACY OF AN ANTIALLERGIC DRUG ON OTITIS MEDIA WITH 
EFFUSION IN ASSOCIATION WITH ALLERGIC RHINITIS 


AN EXPERIMENTAL STUDY 
MASASHI SUZUKI, MD HIDEOMI KERAKAWAUCHI, MD 
OITA, JAPAN OITA, JAPAN 
HIDEYUKI KAWAUCHI, MD Goro MoGI, MD 
IZUMO, JAPAN OITA, JAPAN 


The effect of an antiallergic drug on the evacuation of middle ear effusion (MEE) from the tubotympanum was investigated by 
means of an animal model with both otitis media with effusion (OME) and allergic rhinitis. Azelastine hydrochloride (AZ), an oral 
antiallergic drug, was administered and the presence of MEE was investigated. Serous MEE was seen in 12 of the 13 untreated 
control animals on the 11th day after the experimental OME was induced, whereas MEE was detected in 9 of the 13 animals 
administered 1 mg/kg of AZ, but only in 4 of the 13 animals administered 2 mg/kg of AZ. In addition, the effect of AZ on MEE 
production was also examined in an experimental OME animal model without allergic rhinitis. Middle ear effusion was observed in 
all OME animals that received 2 mg/kg AZ for 5 consecutive days, before and 3 days after the experimental OME was induced. 
Results of the present study indicate that AZ promotes the evacuation of MEE from the tubotympanum in the OME animal model 
associated with nasal allergy. These data suggest that an antiallergic drug may contribute to the therapy of OME patients in associa- 
tion with nasal allergy indirectly, by promoting evacuation of MEE due to inhibition of type I allergic reactions in the nasopharynx. 


KEY WORDS — allergic rhinitis, antiallergic d-ugs, azelastine, experimental studies, nasal allergy, otitis media with effusion. 


INTRODUCTION 


Otitis media with effusion (OME) is one of the 
most common causes of hearing loss in children. It 
is generally accepted that nasal allergic reactions 
cause eustachian tube obstruction, resulting in tubal 
dysfunction, although an allergic cause for the devel- 
opment of OME is still controversial. Friedman et 
al! showed that a provocative intranasal pollen chal- 
lenge to allergic individuals induced eustachian tube 
obstruction. Walker et al? reported that a single his- 
tamine intranasal provocative challenge in atopic 
adult individuals resulted in eustachian tube obstruc- 
tion. In a previous study,? it was clearly demcnstrated 
that nasal IgE-mediated allergic reactions interfered 
with the clearance of middle ear effusion (MEE). 
The importance of treating allergy has been, there- 
fore, emphasized in patients having both nasal aller- 
gy and OME. However, it is not clear whether antial- 
lergic drugs enhance the clearance of MEE in pa- 
tients with both nasal allergy and OME. 


In the present study, we examined whether azelas- 
tine hydrochloride (AZ), an oral antiallergic agent,* 
actually promotes evacuation of MEE from the tubo- 
tympanum, using an experimental OME animal mod- 

-el with allergic rhinitis. In addition, we also investi- 
gated whether the antiallergic drug inhibits produc- 





tion of MEE directly or not in an OME animal model. 


MATERIALS AND METHODS 


Animals. Sixty-five healthy male guinea pigs 
(weighing 280 to 410 g) were examined. Prior to 
introducing each animal to the study population, mi- 
croscopic observation of the eardrum and tympanom- 
etry were performed in order to confirm that the mid- 
dle ear was normal. The animals were anesthetized 
by intraperitoneal injection of pentobarbital sodium 
(30 mg/kg) prior to induction of OME. 


Agent. Azelastine hydrochloride in powder form 
was supplied by EIZAI Co Ltd, Tokyo, Japan. Pure 
AZ was dissolved in boiling distilled water at a con- 
centration of 1.0 mg/mL and then cooled. A weight- 
dependent dose of the solution was administered to 
the animals. 


Induction of Otitis Media With Effusion. We in- 
duced OME in the guinea pigs by instilling an im- 
mune complex (IC) into the middle ear, as described 
in a previous paper.’ Briefly, the IC was prepared by 
mixing a high-titer guinea pig antiserum against key- 
hole limpet hemocyanin (KLH) with KLH at the op- 
timal ratio. Freeze-dried IC was suspended in phos- 
phate-buffered saline (PBS). The tympanic cavity of 
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Instillation Observation 
of Immune Complex of MEE 
into Middle Ear Histology 


| 


Fig 1. Schedule of experiment 1 for induction of 
otitis media with effusion and nasal allergy, and 
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treatment with azelastine hydrochloride. MEE — 0 2 3 4 5 6 7 8 9 10 11 Day 
middle ear effusion, DNP — dinitrophenyl. $ 4 4 t 4 } 4 4 
| Nasal Dropping of DNP -Ovalbumin 


Passive Sensitization 
with anti-DNP IgE 


1 ear was inoculated with 0.2 mg of IC in 0.1 mL 
sterile PBS through the tympanic bulla. 


Induction of Nasal Allergic Reaction. An IgE-me- 
diated nasal allergic reaction was induced by admin- 
istration of drops of 0.5 mL dinitrophenyl-ovalbu- 
min (DNP-OVA) in saline at a concentration of 5 
mg/mL 3 times daily into both nasal cavities of the 
guinea pigs 3 days after IC middle ear instillation. 
Prior to administration of the nasal drops, the ani- 
mals were injected intravenously with anti-DNP IgE 
serum for passive sensitization. Preparation of the 
antiserum has been described previously.® 


Design of Experiment 1. To examine the effect of 
AZ on MEE clearance, 51 guinea pigs were divided 
into the following 4 groups (Fig 1 and Table 1). Thir- 
teen animals received no treatment (group A), 13 guin- 
ea pigs were administered 1 mg/kg AZ (group B), 
and 13 animals were administered 2 mg/kg AZ (group 
C) by gastric intubation from the 3rd day to the 10th 
day after IC injection into the tympanic cavity. The 
other 12 animals were administered saline drops in- 
stead of DNP-OVA and did not receive AZ (group 
D). All the animals were painlessly sacrificed and 
the degree of MEE stagnation was determined on 
the 11th day after IC middle ear instillation. 


Design of Experiment 2. In order to establish 
whether an experimental dose of AZ (2 mg/kg per 
day) would inhibit MEE production, 14 animals were 
divided into 2 groups of 7 (groups E and F; Fig 2 
and Table 2). Group E received 2 mg/kg AZ for 5 


TABLE 1. SCHEDULE FOR NASAL DROPPING OF 
ANTIGEN AND ORAL ADMINISTRATION OF 
AZELASTINE IN EXPERIMENT 1 











consecutive days before IC middle ear inoculation. 
Following inoculation, the animals received treat- 
ment for 3 more days, and then were painlessly sac- 
rificed on the 4th day after IC instillation, because 
the degree of MEE stagnation reaches its peak on 
that day. The other 7 animals served as nontreatment 
controls (group F). 


Monitoring of Otitis Media With Effusion. Each 
animal was monitored daily after IC middle ear instil- 
lation until the time of sacrifice by observing the 
eardrum and middle ear with a surgical microscope 
to determine the presence of MEE. 


Histologic Examination. The skulls of the guinea 
pigs were dissected at midline as soon as the ani- 
mals were sacrificed by intracardiac perfusion with 
periodate-lysine-paraformaldehyde (PLP) fixative. 
Middle ear and eustachian tube mucosae were dis- 
sected and transferred to PLP fixative for storage at 
4°C overnight. The specimens were immersed in buf- 
fered disodium ethylenediamine tetra-acetate (pH 
6.8) to be decalcified and then embedded in paraf- 
fin. Sections 8 um thick were cut and stained with 
toluidine blue (pH 7). 


Statistical Analysis. Statistical analyses were car- 
ried out by means of a nonparametric test. Fisher’s 
exact probability test was used to examine the differ- 
ence between the variables. Significant differences 
in the efficacy comparison of the treatment groups 
were established at the p < .05 level. 


RESULTS 


Incidence of Middle Ear Effusion. In a previous 
study,° the effect of nasal allergic reactions on the 
clearance of MEE in the OME animal model was 





Nasal Dose of No. of 
Group Dropping Azelastine Animals TABLE 2. SCHEDULE FOR ORAL ADMINISTRATION 
A DNP-ovalbumin No medicine 13 OF AZELASTINE IN EXPERIMENT 2 
B DNP-ovalbumin 1 mg/kg 13 No. of 
Cc DNP-ovalbumin 2 mg/kg 13 Group Medication Animals 
D PBS No medicine 12 E Azelastine 2 mg/kg 7 


DNP — dinitrophenyl, PBS — phosphate-buffered saline. 


F Control (no medicine) 7 
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Fig 2. Schedule of experiment 2 for induction of otitis 
media with effusion and treatment with azelastine hydro- 
chloride. 


examined in the same manner as in the present ex- 
periment 1. The result showed that the biggest dif- 
ference in positive rate of MEE between animals with 
an induced nasal allergic reaction (group A) and non- 
sensitized animals (group D) was seen on the 11th 
day after IC inoculation. That is the reason why the 
tympanic cavities were examined to determine the 
presence of MFE on day 11 after intratympanic in- 
oculation of IC. Table 3 shows the results seen in 
groups A, B, C, and D. Twelve of the 13 animals in 
group A developed OME showing serous MEE, 
whereas in group D, MEE was seen in 3 of the 12 
guinea pigs. Eleven days after IC injection, the inci- 
dence of MEE was significantly lower in group D 
(OME without nasal allergy) than in group A (OME 
with allergic rhinitis). This result indicates again that 
nasal allergic reactions interfere with the clearance 
of MEE. Middle ear effusion was detected in 9 of 
the 13 animals in group B and 4 of the 13 animals in 
group C. The number of ears having MEE was less 
in these 2 groups compared with that in group A, 
and the number in group C was close to that in group 
D. The incidence of MEE was also significantly low- 
er in group C (OME with nasal allergy, 2 mg/kg AZ 
administered) than in group A (OME with allergic 
rhinitis). This outcome was thought to result from 
the effect of AZ on IgE-mediated reactions in the 
nose. 


However, the possibility of a direct effect of AZ 
on IC-mediated OME was undeniable, because chem- 
ical mediators such as histamine and leukotrienes 
are released in any inflammation.’8 Therefore, exper- 
iment 2 was performed. Usually, MEE can be seen 
on day 4 after the inoculation of IC. That is why the 


TABLE 3. INCIDENCE OF MIDDLE EAR EFFUSION 
IN EXPERIMENT 1 











Group A 12/13 92%? 
Group B 9/13 69%> 
Group C 4/13 31%° 
Group D 3/12 25%4 


For a versus c and a versus d, p < .002. 


presence of MEE was examined on the 4th day after 
IC injection in this experiment. As shown in Table 
4, in groups E (2 mg/kg AZ) and F (no treatment), 
MEE was observed in all the animals on day 4 after 
IC inoculation into the middle ear. The result of this 
experiment indicates that 2 mg/kg of AZ could not 
inhibit production of MEE by IC-mediated OME in 
animals. 


Histology. Light microscopic findings revealed 
that the number of infiltrative cells and mast cells in 
the mucosa at the pharyngeal orifice of the eustachi- 
an tube was lower in animals without MEE than in 
those with MEE, regardless of the group. 


DISCUSSION 


The cause of OME remains controversial. Infec- 
tion of the middle ear, eustachian tube dysfunction, 
and allergy have been considered to be major causa- 
tive factors. In a previous study,? a high incidence of 
nasal allergy in OME patients was noted, suggest- 
ing a relationship between the 2 entities. Since then, 
allergy has been implicated as a major causative fac- 
tor of OME, on the basis of an increasing number of 
OME patients who have developed allergic rhinitis 
or the presence of humoral and cellular immune re- 
sponse components in the effusion.!°!4 Development 
of MEE considered to be due to a type I allergic re- 
action has been demonstrated in animals.!5 In addi- 
tion, recent studies!®!7 showed an elevated level of 
eosinophil cationic protein in the effusion and an in- 
crease of eosinophils in middle ear mucosa of pa- 
tients with allergies. The studies suggested that type 
I allergy might play a causative role in the produc- 
tion of MEE in OME patients. However, a number 
of investigators have denied that MEE is an allergic 
fluid or that type I allergy is an etiologic factor in 
OME on the basis of laboratory findings and experi- 
mental data.3-6:18-25 Lim and Birck,!8 Bernstein and 
Reisman, !* and Sipila and Karma!? found an insig- 
nificant number of eosinophils in MEE or middle 
ear mucosa from patients with OME. Many stud- 
ies!4.20-24 have found that MEE does not contain a 
total or antigen-specific IgE antibody concentration 
in excess of that in matched serum. In addition, Doyle 
et al29 and Tomonaga et al?6 failed to discover any 
MEE, even though they found allergic changes in 
the mucosa of animals passively sensitized and un- 
dergoing direct antigen injection into the tympanic 
cavity. Even if it is still unknown whether type I al- 
lergy is involved in the cause and pathogenesis of 
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IN EXPERIMENT 2 
Group E 77 100% 
Group F V7 100% 
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OME, eustachian tube dysfunction has been impli- 
cated in type I allergic reactions of the nose. Skoner 
et al?” demonstrated that intranasal challenge with 
house dust mites can provoke immune-mediated na- 
sal obstruction and eustachian tube dysfunction in 
sensitized subjects. Ackerman et al?8 showed that in- 
tranasal insufflation of pollen caused eustachian tube 
obstruction in patients with pollinosis. Osur et al?’ 
evaluated eustachian tube function in children with 
ragweed allergy using the 9-step pressure-swallow- 
ing test, and they demonstrated that the development 
of eustachian tube obstruction was found to corre- 
late with ragweed skin test outcome, wheal size, and 
daily patient symptom scores. These findings sug- 
gest that inflammation in the area of the nasophar- 
ynx and tubal orifice is important in the expression 
of eustachian tube dysfunction. The inflammation 
continuously interferes with MEE clearance, and an 
IgE-mediated allergic reaction of mucous mem- 
branes lining the nose, nasopharynx, and eustachian 
tube constitutes one of the factors that are indicative 
of a chronic state of disease.3 


The present animal experiment demonstrated that 
AZ administration facilitated the elimination of MEE 
from the middle ear of guinea pigs in which OME 
and allergic rhinitis were induced simultaneously. 
Middle ear effusion developed within 4 days and dis- 
appeared spontaneously 10 to 14 days after IC injec- 
tion in group D animals. However, MEE persisted 
in animals with allergic rhinitis, as shown in group 
A. Ina previous study,’ the biggest difference in the 
incidence of MEE between animals representative 
of groups A and D of the present study was seen on 
day 11 after IC inoculation. Therefore, MEE was in- 
vestigated on day 11 in the present study. The inci- 
dence of MEE in the middle ear was less in group B 
and group C animals, which were administered the 
antiallergic drug, than in control group A. Especially, 
the number of ears having MEE was significantly 
less in group C than in group A. 


In an experimental study,”® the eustachian tube of 
guinea pigs in which type I allergic reactions of the 
nose were induced was examined histologically and 


functionally. The opening pressure of the eustachian 
tube was increased in the sensitized animals. Histo- 
logic examination showed numerous infiltrative cells 
and mast cells in the mucous membrane of the naso- 
pharynx around the pharyngeal orifice. In the present 
study, histologic findings showed a lower number 
of inflammatory cells and mast cells in the mucosa 
at the pharyngeal orifice of the eustachian tube in 
animals without MEE than in those with MEE, in all 
groups except group D. Previous studies have dem- 
onstrated that AZ effectively inhibits allergic eosin- 
ophil infiltration and neutrophil infiltration in ani- 
mals.3°.3! Therefore, the results of the present study 
support the theory that AZ suppresses the allergic 
reaction in the nasopharynx around the eustachian 
tube. Thus, AZ administration appeared to lead to 
improvement in eustachian tube function and result 
in clearance of MEE. 


On the other hand, MEE was seen in the ears of 
all animals without allergic reactions that were ad- 
ministered 2 mg/kg of AZ for 4 consecutive days 
before intratympanic IC inoculation and that subse- 
quently received the drug until the time of sacrifice. 
Azelastine hydrochloride inhibits not only allergic 
hypersensitivity reactions but also nonallergic reac- 
tions, such as release of histamine from mast cells 
and leukocytes, and the release of leukotrienes.7.8 
Experimental OME in the present study was thought 
to have been induced by a type III allergic reaction.’ 
However, 2 mg/kg per day AZ, which is a high dose 
compared to the common dose in humans, could not 
suppress production of MEE. This finding indicates 
that the experimental dose of AZ did not alleviate 
the experimental OME. 


The present study confirmed that an antiallergic 
drug could actually promote evacuation of MEE from 
the tubotympanum in an experimental OME animal 
model with allergic rhinitis. This finding might re- 
sult from improvement of eustachian tube dysfunc- 
tion induced by the allergic reaction. Therefore, this 
study suggests that antiallergic therapy might im- 
prove ear symptoms indirectly in OME patients with 
allergic rhinitis. 
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COURSE OF IL-1, IL-6, IL-8, AND TNF-o IN THE MIDDLE EAR FLUID 
OF THE GUINEA PIG OTITIS MEDIA MODEL INDUCED BY 
NONVIABLE HAEMOPHILUS INFLUENZAE 
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YUICHI NAKANO, MD 


NIIGATA, JAPAN 


To characterize the local response in acute otitis media, courses of interleukin (IL)-18, IL-6, IL-8, and tumor necrosis factor 
(TNF) © in middle ear fluid (MEF) of the guinea pig otitis media model induced by nonviable Haemophilus influenzae were inves- 
tigated with enzyme-linked immunosorbent assay (ELISA) kits. The IL-18 concentration in H influenzae—inoculated ears peaked 24 
hours after inoculation. The IL-8 concentration was significantly higher in H influenzae—inoculated ears than in controls 48 and 96 
hours after inoculation. The TNF-o concentration in H influenzae—inoculated ears had an initial peak 6 hours after inoculation and 
had significant late increases 48 and 96 hours after inoculation. The results suggest that IL-18 and TNF-o were produced by middle 
ear mucosa in the early stage of the experiment by stimulation of bacterial inoculation, which caused subsequent inflammatory cell 
accumulation, and that IL-8 and TNF-a were produced in the late stage by accumulating inflammatory cells. 


KEY WORDS — animal model, cytokine, enzyme-linked immunosorbent assay, Haemophilus influenzae, middle ear fluid. 


INTRODUCTION 


In a large series of clinical investigations per- 
formed in the 1980s, Haemophilus influenzae was 
cultured from 20% to 23% of middle ear fluid (MEF) 
samples of acute otitis media (AOM) patients!.2 and 
was recognized as one of the three most important 
pathogens (ie, H influenzae, Streptococcus pneumo- 
niae, and Moraxella catarrhalis) of AOM. In addi- 
tion, H influenzae was the most frequently cultured 
bacteria (15%) from children with otitis media with 
effusion (OME).? Nonviable H influenzae and its en- 
dotoxin caused middle ear inflammation experimen- 
tally.3-5 


The course of local inflammatory responses in 
experimental otitis media has been carefully inves- 
tigated with the chinchilla otitis media model induced 
by $ pneumoniae®'® and the guinea pig model in- 
duced by H influenzae.*> From those studies, inflam- 
matory cells, lysozyme, and oxidative metabolic 
products were recognized as important inflamma- 
tory mediators in experimental AOM. 


In middle ear infectious diseases, the contribution 
of cytokines to clinically isolated MEF has been in- 
vestigated by several institutes,!!-18 and recently, sim- 
ilar observations on experimentally created MEF 
were reported.!9.20 Cytokine studies using murine oti- 
tis media models by the methodologies of immu- 
nohistochemistry?! or in situ hybridization?” have 





shown several roles of cytokines in the middle ear. 
Murine models are useful because murine cytokine 
antibodies are easily available, but the murine mod- 
els are not sufficient for investigating MEF biochemi- 
cally because of their limited volume of MEF ob- 
tained from an ear. We recently observed that inter- 
leukin (IL)—18, IL-6, IL-8, and tumor necrosis fac- 
tor (TNF) a were detected in MEF of type 3 S pneu- 
moniae—induced experimental otitis media in the 
chinchilla model with commercially available hu- 
man enzyme-linked immunosorbent assay (ELISA) 
kits.10 


We have been investigating the pathophysiology 
in the middle ear after inoculation of H influenzae? 
and M catarrhalis* with a similar procedure, which 
has been recognized as a significant animal otitis me- 
dia model. We therefore sought to investigate the 
course of cytokines of experimentally created MEF 
using commercially available human ELISA kits in 
the guinea pig model of otitis media induced by non- 
viable H influenzae. 


MATERIALS AND METHODS 


A total of 24 healthy adult guinea pigs weighing 
400 to 600 g with normal middle ears, ascertained 
by otoscopy, were used in this study. All procedures 
were performed on ketamine hydrochloride—anesthe- 
tized animals. 
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Fig 1. Results (mean + SE) obtained from middle ear fluid specimens from 6 to 96 hours after inoculation of nonviable 
Haemophilus influenzae. Dark bars — H influenzae-inoculated specimens: white bars — controls inoculated with phosphate- 
buffered saline. A) Inflammatory cells. B) Interleukin-1$. C) Interleukin-&. D) Tumor necrosis factor œ. 


Nontypeable H influenzae biovar 2 (NCTC 8143) 
was preincubated on chocolate agar plates (Eiken 
Chemicals, Tokyo, Japan), and cultured in a liquid 
culture medium containing | % triptone (Difco Labo- 
ratories, Detroit, Mich), 0.5% yeast extract (Difco), 
0.15% sodium chloride (Wako Pure Chemical Indus- 
tries, Osaka, Japan), 0.1% glucose (Kanto Chemi- 
cal, Tokyo), 100 ug/mL b-nicotinamide-adenine di- 
nucleotide (B-NAD, Wako), and 100 ug/mL hemin 
(Wako) for 48 hours in a shaker. Grown bacteria were 
collected, washed in sterile phosphate-buffered sa- 
line (PBS), pH 7.4, and killed by shaking in 0.3% 
formalin for 24 hours. Killed H influenzae were 
washed in sterile 0.01 mol/L PBS 3 times to remove 
the formalin from the bacterial cells. The killed bac- 
teria were suspended in 0.01 mol/L PBS and adjusted 
to a concentration of 10!° cells per milliliter. 


The test animals were divided into 4 groups. The 
right middle ear bullae of all the animals were in- 
oculated with a volume of 0.1 mL of the bacterial 
suspension (10° cells per ear), and the left middle 
ear bullae were inoculated with sterile 0.01 mol/L 
PBS for the controls. Six animals of each group were 


painlessly sacrificed 6, 24, 48, and 96 hours after 
bacterial inoculation. A 2- to 3-mm-diameter hole 
was made on each harvested bulla, and the bullae 
were washed 3 times with 100 uL of 0.01 mol/L PBS. 
The washing PBS (total 300 uL) including MEF was 
adjusted to the same volume (500 uL) and used for 
cytologic and biochemical analyses. The sampled 
MEF was cultured on chocolate agar plates for 48 
hours to confirm sterility of the fluid. Culture-posi- 
tive ears were excluded from the study. 


Inflammatory cell numbers in MEF (in cells per 
cubic millimeter) were measured with a hemocytom- 
eter. Concentrations of IL-1B, IL-6, IL-8, and TNF- 
œ were measured with human ELISA kits (IL-18, 
IL-6, and TNF-a, Immunotech, Marseille, France; 
IL-8, Dianova, Munster, Germany). Cytokine con- 
centrations below the lowest standard concentration 
of the ELISA kits were described as undetectable. 
and the values were substituted with one half of the 
lowest standard concentration of the respective 
ELISA kits. The concentrations of IL-1 and IL-6 
of the same MEF samples were also measured with 
murine ELISA kits (Endogen Inc, Cambridge, Mass) 
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Fig 2. Correlations. A) Between inflammatory cell number and interleukin-8 concentration in middle ear fluid (MEF) (all 
MEF specimens in experiment). x-axis — log10 inflammatory cells per cubic millimeter; y-axis — logi0 interleukin-8 in 
picograms per milliliter. B) Between inflammatory cell number and tumor necrosis factor œ concentration in MEF (all MEF 
specimens in experiment). x-axis — log10 inflammatory cells per cubic millimeter; y-axis — logio tumor necrosis factor & in 


picograms per milliliter. 


to evaluate the cross-reactivity of the guinea pig cyto- 
kines between human and murine cytokine antibod- 
ies. 


Inflammatory cell number (in cells per cubic mil- 
limeter) and cytokine concentrations (in picograms 
per milliliter) in MEF were log-transformed and ana- 
lyzed for statistical significance by Student’s paired 
t-test. The detection rates of the 4 cytokines with 
human (IL-18, IL-6, IL-8, and TNF-o) and murine 
(IL-18 and IL-6) ELISA kits were compared. Corre- 
lation coefficients were calculated for evaluating the 
relationship of inflammatory cell numbers to cyto- 
kine concentrations in MEF. The correlations be- 
tween the cytokine titers with human and murine 
ELISA kits of IL-18 and IL-6 were also evaluated. 


RESULTS 


Inflammatory cells in MEF of H influenzae—inoc- 
ulated ears increased as early as 6 hours after inocu- 
lation, and the concentration was significantly higher 
than in controls throughout the experiment (from 6 
to 96 hours; 6 hours, p = .005; 24 hours, p = .032; 48 
hours, p < .001; 96 hours, p = .001; Fig 1A). 


We detected IL-18, IL-6, IL-8, and TNF-a in 
79.2%, 18.8%, 97.9%, and 62.5% of total MEF sam- 
ples, respectively. The IL-6 concentration was ex- 
cluded from subsequent statistical analysis because 
of the low detection rate. 


The IL-18 concentration in H influenzae—inocu- 
lated ears peaked 24 hours after inoculation, although 
the difference between inoculated and control ears 
was not significant (p = .198; Fig 1B). The IL-8 con- 


centration in H influenzae—inoculated ears peaked 
at 48 hours, and the concentrations in inoculated ears 
were significantly higher than those in control ears 
48 and 96 hours after inoculation (48 hours, p = .049; 
96 hours, p = .024; Fig 1C). The TNF-a level had an 
initial peak at 6 hours, though not significant (p = 
.161), and a later increase at 48 hours after inocula- 
tion of nonviable H influenzae. The differences be- 
tween inoculated and control ears were statistically 
significant 48 and 96 hours after inoculation (48 
hours, p = .019; 96 hours, p = .008; Fig 1D). 


The IL-8 concentrations and inflammatory cell 
numbers were significantly correlated in all ears of 
the experiment combined (r = .557, p = .032; Fig 
2A). The TNF-a concentrations of all the test ears 
combined were also significantly correlated with in- 
flammatory cell numbers (r = .729, p < .001; Fig 
2B). The IL-18 concentrations and inflammatory cell 
numbers in MEF were not significantly correlated 
(r = .489, p= .101). 


The detection rates of IL-18 and IL-6 with mu- 
rine ELISA kits were 85.4% and 81.3%, respectively. 
The titers of cytokines obtained with the human and 
murine ELISA kits were significantly correlated for 
IL-18 (r = .732, p < .001), but not for IL-6 (r = .466, 
p = .137). The differences between inoculated and 
control ears with murine ELISA kits were not sig- 
nificant for either IL-18 or IL-6 concentrations. 


DISCUSSION 


Investigations aiming to study the local defense 
response in animal otitis media models have shown 
that bacterial components stimulate inflammatory 
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mediators in MEF such as inflammatory cells, lyso- 
zyme, oxidative metabolic products, and some in- 
flammatory cytokines that cause subsequent middle 
ear tissue injury.4-7-!9.23.24 To prevent acceleretion of 
acute inflammation after bacterial infection in the 
course of AOM, and sequelae of AOM such as.chron- 
ic OME, treatment strategies designed to reduce or 
neutralize the inflammatory mediators in the early 
stage of AOM will be required. 


The contribution of cytokines to middle ear in- 
flammation has been studied with MEF obtained 
from patients with otitis media.!!-16 The IL-13!! and 
IL-6!2 MEF concentrations were higher in younger 
children with OME, and IL-18 was higher in puru- 
lent MEF than in serous or mucoid MEF. 13-14 Jnter- 
leukin-8 transcripts were detected in 75% of MEFs 
from both pediatric and adult chronic OME pa- 
tients.!5 The TNF-c MEF concentration was corre- 
lated with age in children with OME.!2 Cytokines 
generally work in relation with other cytokinzs, and 
in middle ear diseases, both IL-18 and TNF-a con- 
centrations in MEF were correlated with the con- 
centration of IL-8 in MEF obtained from children 
with OME.!° In another clinical study, IL-16, IL-6, 
and TNF-a in MEF were highly correlated, and TNF- 
a reflected the chronicity of otitis media.!7 The IL-8 
level in MEF was associated with recurrence of 
AOM.!8 These findings indicate that IL-18 and IL-6 
mainly act in acute stages of otitis media, whereas 
IL-8 and TNF-a act in chronic stages of OME, but 
the relationship between the cytokines in acute and 
chronic stages of otitis media seems not to be con- 
sistent. Cytokine concentrations in experimentally 
created MEF in animal otitis media models have re- 
cently been investigated with human cytokine ELISA 
kits, and IL-18 was řelated to the presence of MEF 
in the chinchilla pneumococcal otitis media model.!? 
We also reported that IL-18 and IL-6, but not IL-8 
or TNF-a, had a similar response to penicillin treat- 
ment of inflammatory cell influx in chinchilla MEF 
induced by viable S pneumoniae.!” Therefore, knowl- 
edge of cytokine kinetics (ie, when, how, and which 
cytokines work) in AOM will lead to improved treat- 
ment strategies for preventing sequelae of AOM, 
such as administering cytokine antibodies or cyto- 
kine receptors in addition to antimicrobial treatment. 


In the present study, the inflammatory cell num- 
bers in MEF of H influenzae—inoculated ears were 
significantly higher than those in control ears through- 
out the experiment, confirming that significart acute 
- inflammation was induced during this otitis media 
model. The MEF analysis up to 96 hours after inoc- 
ulation in this study, to observe the acute Iccal re- 
sponse, was based on a report of a nonviable H in- 


fluenzae—induced chinchilla AOM model in which 
predominance of polymorphonuclear leukocytes in 
MEF continued until 4 to 5 days after bacterial in- 
oculation.? The detection rates of IL-18 and IL-6 in 
this experiment were higher with murine ELISA kits 
than with human ELISA kits. The high correlation 
between human and murine kit IL-18 results sug- 
gests that human ELISA kits are usable for MEF ob- 
tained from guinea pigs. The IL-6 titers obtained with 
human and murine kits were not significantly corre- 
lated, presumably because the detection rate with the 
human ELISA kit was very low; hence, for IL-6, mu- 
rine ELISA kits would be better for analyzing MEF 
obtained from guinea pigs. In this experiment, cyto- 
kine titers in MEF were analyzed directly, as previ- 
ously done with MEF samples of chinchilla otitis 
media models,}9.19.20 but correction or normalization 
of the diluted MEF with albumin or total protein, as 
done with human MEF samples,!!-!4.16.17 might re- 
duce the variability of the samples. 


The IL-8 and TNF-c concentrations in MEF were 
significantly higher in H influenzae—inoculated ears 
than in controls 48 and 96 hours after inoculation. 
The IL-18 level in H influenzae—inoculated ears 
peaked at 24 hours after inoculation, but the differ- 
ence between inoculated and control ears was not 
significant. These results parallel clinical findings 
that IL-18 acts earlier and TNF-o acts later in the 
course of otitis media.!3 Interleukin-8 was supposed 
to play a role in the late half of this AOM model (eg, 
after 48 hours) in the present experiment, as clini- 
cally reported.!5-!8 The IL-8 concentration and in- 
flammatory cell concentration in MEF of this experi- 
ment showed a significant correlation that supports 
the theory that IL-8 is a strong chemoattractant of 
neutrophils. The highly significant correlation be- 
tween the TNF-a concentration and the inflamma- 
tory cell concentration of all the test ears added to- 
gether suggests that TNF-a acts in cooperation with 
inflammatory cells during the whole course of the 
experiment. We also observed an initial peak of TNF- 
a 6 hours after inoculation, suggesting that TNF-a 
had 2 points of action, in the early and late halves of 
this AOM model. The differences between bacterial- 
inoculated and control ears for IL-18 at 24 hours and 
TNF-c at 6 hours were not significant, probably be- 
cause the exact peak times of IL-18 and TNF-a were 
missed. 


In our unpublished data, IL-18 and TNF-o peaked 
earlier than IL-6 and IL-8 in the chinchilla otitis me- 
dia model induced by viable S pneumoniae, and the 
continuing increase of IL-6 in MEF 7 days after bac- 
terial inoculation in the same experiment suggests 
the importance of IL-6 kinetics after 96 hours. Re- 
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cently, TNF- was reported to be detected in MEF 
but not in serum in lipopolysaccharide-induced oti- 
tis media in the chinchilla model — a finding sug- 
gesting that TNF-o was produced locally in the mid- 
dle ear by the stimulation of endotoxin.2° 


The findings reported above suggest that the early 
peaks of IL-18 and TNF-a in MEF were produced 
locally in the middle ear mucosa by the stimulation 
of bacterial inoculation, which caused subsequent 
inflammatory cell accumulation into the middle ear. 
Higher levels of IL-6, IL-8, and TNF-o observed in 
the late half of the experiment might be produced by 
accumulated inflammatory cells, and the cytokines 
might act for more accumulation of inflammatory 


cells, aa for stimulation of phagocytic cells to elimi- 
nate bacterial cells from the middle ear. Treatment 
strategies to neutralize inflammatory cytokines should 
be administered in the very early stages of AOM for 
IL-18 and TNF-a, and in the late stages of AOM for 
IL-6, IL-8, and TNF-a. Further investigations using 
a viable bacteria—inoculated animal AOM model to 
study the influence of bacterial clearance on the 
course of inflammation will be needed to correlate 
the results in this experiment to the clinical course 
of AOM, and further studies that elucidate the cor- 
relation between cytokines in MEF and middle ear 
tissue injury by histologic observation in addition to 
biochemical analysis will be required for manage- 
ment of patients with chronic OME. 


REFERENCES 


1. Giebink GS. The microbiology of otitis media. Pediatr 
Infect Dis J 1989;8:S18-S20. 


2. Bluestone CD, Stephenson JS, Martin LM. Ten-year re- 
view of otitis media. Pediatr Infect Dis J 1992;11:S7-S11. 


3. DeMaria TF, Briggs BR, Lim DJ, Okazaki N. Experi- 
mental otitis media with effusion following middle ear inocu- 
lation of nonviable H influenzae. Ann Otol Rhinol Laryngol 
1984;93:52-6. 


4. Nonomura N, Nakano Y, Satoh Y, Fujioka O, Niijima H, 
Fujita M. Otitis media with effusion following inoculation of 
Haemophilus influenzae type b endotoxin. Arch Otorhinolaryn- 
gol 1986;243:31-5. 


5. Nonomura N, Nakano Y, Fujioka O, Niijima H, Kawana 
M, Fujita M. Experimentally induced otitis media with effu- 
sion following inoculation with the outer cell wall of nontypable 
Haemophilus influenzae. Arch Otorhinolaryngol 1987;244:253- 
7. 


6. Nonomura N, Giebink GS, Juhn SK, Harada T, Aeppli 
D. Pathophysiology of Streptococcus pneumoniae otitis me- 
dia: kinetics of the middle ear biochemical and cytologic host 
responses. Ann Otol Rhinol Laryngol 1991;100:236-43. 


7. Kawana M, Kawana C, Yokoo T, Quie PG, Giebink GS. 
Oxidative metabolic products released from polymorphonuclear 
leukocytes in middle ear during experimental otitis media. In- 
fect Immun 1991;59:4084-8. 


8. Kawana M, Kawana C, Giebink GS. Penicillin treatment 
accelerates middle ear inflammation in experimental pneumo- 
coccal otitis media. Infect Immun 1992;60:1908-12. 


9. Sato K, Quartey MK, Liebeler CL, Giebink GS. Timing 
of penicillin treatment influences the course of Streptococcus 
pneumoniae—induced middle ear inflammation. Antimicrob 
Agents Chemother 1995;39:1896-8. 


10. Sato K, Quartey MK, Liebeler CL, Le CT, Giebink GS. 
Roles of autolysin and pneumolysin in middle ear inflamma- 
tion caused by a type 3 Streptococcus pneumoniae in the chin- 
chilla otitis media model. Infect Immun 1996;64:1140-5. 


11. Yellon RF, Leonard G, Marucha PT, et al. Characteriza- 
tion of cytokines present in middle ear effusions. Laryngoscope 
1991;101:165-9. 

12. Yellon RF, Leonard G, Marucha P, et al. Demonstration 
of interleukin 6 in middle ear effusions. Arch Otolaryngol Head 


Neck Surg 1992;118:745-8. 


13. Himi T, Suzuki T, Kodama H, Takezawa H, Kataura A. 
Immunologic characteristics of cytokines in otitis media with 
effusion. Ann Otol Rhinol Laryngol Suppl 1992;101 (suppl 157): 
21-5. 


14. Juhn SK, Garvis WJ, Lees CJ, Le CT, Kim CS. Deter- 
mining otitis media severity from middle ear fluid analysis. Ann 
Otol Rhinol Laryngol Supp! 1994; 103(suppl 163):43-5, 


15. Takeuchi K, Maesako K, Yuta A, Sakakura Y. Interleukin- 
8 gene expression in middle ear effusions. Ann Otol Rhinol 
Laryngol 1994;103:404-7. 


16. Maxwell KS, Fitzgerald JE, Burleson JA, Leonard G, 
Carpenter R, Kreutzer DL. Interleukin-8 expression in otitis 
media. Laryngoscope 1994;104:989-95. 


17. Yellon RF, Doyle WJ, Whiteside TL, Diven WF, March 
AR, Fireman P. Cytokines, immunoglobulins, and bacterial 
pathogens in middle ear effusions. Arch Otolaryngol Head Neck 
Surg 1995;121:865-9. 


18. Chonmaitree T, Patel JA, Garofalo R, et al. Role of leu- 
kotriene B4 and interleukin-8 in acute bacterial and viral otitis 
media. Ann Otol Rhinol Laryngol 1996; 105:968-74. 


19. Johnson MD, Fitzgerald JE, Leonard G, Burleson JA, 
Kreutzer DL. Cytokines in experimental otitis media with ef- 
fusion. Laryngoscope 1994;104:191-6. 


20. DeMaria TF, Murwin DM. Tumor necrosis factor during 
experimental lipopolysaccharide-induced otitis media. Laryn- 
goscope 1997;107:369-72. 


21. Johnson MD, Contrio A, Contrio J, Maxwell K, Leonard 
G, Kreutzer D. Murine model of otitis media with effusion: 
immunohistochemical demonstration of IL-1o antigen expres- 
sion. Laryngoscope 1994; 104:1143-9. 


22. Bikhazi P, Ryan AF. Expression of immunoregulatory 
cytokines during acute and chronic middle ear immune re- 
sponse. Laryngoscope 1995;105:629-34. 


23. Kawana M. Early inflammatory changes of the Hae- 
mophilus influenzae—induced experimental otitis media. Auris 
Nasus Larynx 1995;22:80-5. 


24. Sato K. Experimental otitis media induced by nonviable 
Moraxella catarrhalis in the guinea pig model. Auris Nasus 
Larynx 1997;24:233-8. 


Ann Otol Rhinol Laryngol 108:1999 


LIPID PEROXIDES IN MIDDLE EAR FLUID AFTER ACUTE OTITIS 
MEDIA IN GUINEA PIGS 


THOMAS G. TAKOUDES, MD JOSEPH HADDAD JR, MD 
New YORK, NEW YORK 


Oxygen free radical damage has been demonstrated in the middle ear mucosa of a guinea pig model of acute otitis media 
(AOM). Potential sources of free radicals include both neutrophils responding to infection and Streptococcus pneumoniae, a com- 
mon AOM pathogen. This project was conducted to examine the middle ear fluid in a guinea pig model of AOM for evidence of 
elevated lipid peroxide (LPO) as a marker of free radical damage. Twenty-one guinea pigs were injected transtympanically with 
bacteria into the left (infected) middle ear cavity and sterile saline into the right (control) middle ear. Middle ear fluid was recovered 
on postoperative day 5. The fluid was weighed and analyzed for quantity of LPO. Results indicated an increased absolute level of 
LPO. as well as an increased level of LPO divided by the weight of the fluid recovered, Histologic examination confirmed leukocyte 
infiltration and mucosal edema that were consistent with mucosal damage. While free radical damage to the middle ear mucosa in a 
guinea pig model of AOM is well documented, this is the first study to demonstrate evidence of free radical damage in middle ear 
fluid. These results are relevant because they correlate mucosal damage with lipoperoxidation in fluid. Additionally, this serves as an 
important precursor to human studies, since middle ear fluid is readily available in patients with otitis media. 


KEY WORDS — tree radicals. lipoperoxidation. middle ear fluid, otitis media, Streptococcus pneumoniae, 


INTRODUCTION later, lipid peroxide (LPO), a marker of free radical 
damage to cellular lipids, was noted to be elevated 
in the middle ear mucosa of infected ears compared 
to noninfected ears.'° While that study demonstrated 
that pneumococcal AOM causes free radical dam- 
age to the mucosa, it did not address the possibility 
that free radical damage could be evidenced in the 
middle ear fluid that bathes the middle ear cavity. 


Free radical—mediated damage has been impli- 
cated in the pathogenesis of several disease process- 
es, including cataract formation,! stroke,’ atheroscle- 
rosis,* arthritis,* and reperfusion injury.> Tissue in- 
jury and subsequent disease occur when free radi- 
cals, such as the superoxide radical (027) and the 
hydroxyl radical (OH-), damage lipids, proteins, car- 
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bohydrate, and nucleotides.® Analysis of middle ear fluid in otitis media is im- 

Free radicals are theorized to cause tissue dam- portant for 2 reasons. First, the fluid bathes the mid- 
age in acute otitis media (AOM) because 2 sources dle ear cavity, and thus the presence of markers of 
of free radical production, leukocytes and bacteria, free radical damage within the fluid is likely to re- 
are involved in the pathogenesis of AOM. Specifi- flect free radical damage to the middle ear mucosa. 
cally, neutrophils produce free radicals during the Second, middle ear fluid is more readily available 
respiratory burst phase of contact with pathogens.’ than middle ear mucosa in human studies. An under- 
Streptococcus pneumoniae is the most commen path- standing of the pathogenesis of middle ear fluid in 
ogen in AOM® and produces hydrogen peroxide, an animal model is important as a precursor to hu- 
which is an important free radical mediator, as it man studies. Accordingly, the present study was con- 
erows.? ducted with a guinea pig model of AOM to examine 


middle ear fluid for evidence of LPO, which is a 


Recent investigations have demonstrated taat free marker of free radical damage. 


radical damage occurs in AOM. One study!” con- 
ducted in this laboratory examined the mucosa that 


lines the middle ear cavity of a guinea pig model for einen 

free radical damage in AOM. In this experiment, S Animal Model. Twenty-one 400- to 500-g Hartley 
pneumoniae was injected into | middle ear cavity to guinea pigs (King Star, Kingston, NH) were exam- 
cause AOM, while sterile saline was injected into ined and assessed otoscopically for evidence of ear 
the other middle ear cavity as a control. Five days disease. The animals were anesthetized with 87 mg/ 
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kg of ketamine hydrochloride and 13 mg/kg of xyla- 
zine hydrochloride by intraperitoneal injection. Each 
ear canal was cleaned and washed with a 70% ethyl 
alcohol solution. With sterile technique, an operat- 
ing microscope (Carl Zeiss, Germany) and a specu- 
lum were used to guide a 22-gauge lacrimal probe 
across the tympanic membrane (TM) and into the 
middle ear cavity. The right (control) middle ear cav- 
ity was injected with 100 uL of sterile phosphate 
buffered saline (PBS), and the left (infected) middle 
ear cavity was injected with 100 uL of a 108/mL sus- 
pension of type 3 $ pneumoniae (American Type Cul- 
ture Collection, Rockville, Md). 


On postoperative day 5, animals were assessed 
otoscopically for the presence or absence of middle 
ear fluid and signs of AOM, including a bulging, red 
TM and purulent discharge in the ear canal. All ani- 
mals were subsequently painlessly sacrificed with a 
100-mg/kg intraperitoneal injection of pentobarbital. 
With scissors, the skin was dissected off the skull to 
just below the ear canal. A 26-gauge needle attached 
to a 1-mL syringe was then inserted through the TM, 
and suction was applied to remove fluid from the cav- 
ity. The fluid was rapidly weighed in a preweighed 
centrifuge tube, and 300 uL of cold PBS was added. 
Only fluid specimens that weighed more than 2.0 
mg were included in the study. The sample was then 
homogenized in a glass grinder, sonicated, and cen- 
trifuged at 3,000g for 5 minutes. The supernatant 
was recovered and stored for subsequent biochemi- 
cal analysis. 


Lipid Peroxide Assay, Quantitative analysis of LPO 
in each specimen was performed with the Determiner 
LPO-CC kit (Kamiya Biomedical, Thousand Oaks, 
Calif). The kit uses the hemoglobin-catalyzed stoi- 
chiometric reaction of hydroperoxides with 10-N- 
methylcarbamoyl-3,7-dimethylamino-10 H-pheno- 
thiazine (MCDP) to form methylene blue, which is 
measured colorimetrically. Our samples were ana- 
lyzed with the following protocol. One part of the 
sample was mixed with 1 part of the kit’s reagent 1 
and incubated for 10 minutes at 37°C. Two parts of 
the kit’s reagent 2 were added to the sample, which 
was incubated for an additional 15 minutes at 37°C. 
The specimens were subsequently measured at the 
colorimetric end point of 650 nm and compared with 
the kit’s standard (cumene hydroperoxide) that is run 
simultaneously. All samples were run in triplicate, 
and an average value for each specimen was deter- 
mined. Values were expressed as nanomoles of LPO. 
These LPO values were then divided by the weights 
of the samples and multiplied by 1,000 to determine 
LPO per weight in nanomoles per microgram. 


Histologic Study. Temporal bones from 2 control 


and 2 infected middle ears were fixed in 10% for- 
malin, decalcified in 10% formic acid, dehydrated 
in alcohol, and embedded in paraffin with the tym- 
panic bulla oriented toward the sectioned end of the 
paraffin block. The specimen was sectioned to a 5- 
um thickness with a microtome. Tissue sections were 
then stained with hematoxylin and eosin and ex- 
amined microscopically (qualitatively) for mucosal 
thickness and the presence of white and red blood 
cells in both the mucosa and fluid as indicators of 
inflammation. 


Statistical Analysis. An unpaired Student’s t-test 
was used to compare control saline-injected middle 
ear fluid to pneumococcus-injected middle ear fluid 
in the following categories: fluid weight, total LPO 
in each middle ear, and LPO divided by fluid weight. 
A p value of .05 or less was considered statistically 
significant. 


RESULTS 


Animal Model. Otoscopic evaluation of TMs at 
postoperative day 5 demonstrated that 21 of the 21 
pneumococcus-injected ears developed clinical signs 
of otitis media, including a bulging, red TM. One of 
the 21 saline-injected control ears demonstrated pu- 
rulent discharge in the middle ear and external ear 
canal and was excluded from the study. There were 
no animal deaths. Greater than 2.0 mg of purulent 
fluid was recovered from 18 of the 21 infected ears. 
Clear fluid was recovered from 12 of 20 control ears. 
The average amount of fluid recovered was 19.05 + 
3.17 mg in the infected group and 14.73 + 3.62 mg 
in the control group (p = .38). 


Lipid Peroxide Levels. As shown in Fig 1, total LPO 
levels were significantly elevated in the fluid from 
infected (8.77 + 1.94 nmol) versus control (1.12 + 
0.55 nmol) middle ears (p = .004). Similarly, Fig 2 
shows that the LPO concentration in the middle ear 
fluid, defined as total LPO divided by the weight of 
the fluid collected, was significantly elevated (p = 
.001) in infected specimens (503 + 97 nmol of LPO 
per microgram of fluid) compared to control speci- 
mens (55 + 15). 


Histology. Representative sections of the tympanic 
bulla portion of temporal bones were analyzed for 
both control and infected middle ears. As is shown 
in Fig 3, there were significant inflammatory changes 
in the mucosa of the infected specimens compared 
to the control specimens. In particular, infected speci- 
mens showed a marked increase in submucosal ede- 
ma, as well as inflammatory cell infiltration and hy- 
peremia of the mucosa. 


DISCUSSION 
Free radicals are highly reactive molecular spe- 
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Fig |. Lipid peroxide (LPO) level, as determined by col- 
orimetric assay, was significantly elevated in middle ear 
fluid from pneumococcus-infected specimens (8.77 + 
1.94 nmol) compared to saline-injected controls (1.12 + 
0.55: p = .004). Results were measured 5 days after inoc- 
ulation. 


cies with unpaired outer orbital electrons that cause 
tissue damage by chemically modifying cellular lip- 
ids, proteins, carbohydrates, and nucleotides. Free 
radical damage is primarily caused by the superox- 
ide radical (O2) and the hydroxyl radical (OHe). 
These species act upon polyunsaturated fatty acids 
of cellular membranes to remove a hydrogen atom 
from the methylene carbon of an unsaturated fatty 
acid. The resulting carbon-centered radical reacts 
with molecular oxygen to form a peroxy radical. The 
peroxy radical may then abstract a hydrogen atom 
from another unsaturated fatty acid. The result is an- 
other carbon-centered peroxy radical and an LPO. 
The peroxy radical may then propagate a chain reac- 
tion effect. Termination of the reaction occurs when 
the peroxy radical combines with a free radical scav- 
enger. The formation of LPOs is significant because 
these molecules have multiple pathological effects 
on the cell membranes. In particular, lipid peroxida- 
tion decreases membrane fluidity and membrane bar- 


Fig 3, Hematoxylin and eosin-stained sections of A) saline-injected control 
and B) pneumococcus-infected guinea pig temporal bones at postoperative 
day 5 (original x400). Infected specimen is notable for marked submucosal 
edema, inflammatory cell infiltration, and hyperemia. which are absent in 


control specimen. 
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Fig 2. Lipid peroxide concentration, defined as total LPO 
collected divided by weight of fluid recovered from mid- 
dle ear cavity, was measured on postoperative day 5. Con- 
centration of LPO was significantly elevated in fluid from 
pneumococcus-infected middle ears (503 + 97 nmol of 
LPO per microgram of fluid) compared to saline-injected 
control middle ears (55 + 15; p = .001). 


rier function and thus can lead to cell structural dis- 
organization and possibly cell death. 


Recently, there has been a keen interest in inves- 
tigating the role of free radicals in the pathogenesis 
of AOM. A theoretic reason for this interest is the 
fact that there are at least 2 potential sources of free 
radical production in this disease. First, neutrophils 
produce free radicals during the respiratory burst 
phase of their response to infection. Second, S pneu- 
moniae, which is the most common pathogen in 
AOM, produces hydrogen peroxide as it grows; hy- 
drogen peroxide is a by-product of oxidative metab- 
olism and a significant mediator of free radical dam- 
age.!! It therefore seems likely that free radical dam- 
age would be a relevant factor in the pathogenesis 
of AOM. 


Guinea pigs have been used in this laboratory to 
study free radical damage in AOM. In | model, S 
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pneumoniae is injected through the TM and into the 
middle ear cavity to cause AOM, with saline injected 
into the other middle ear as a control. Previous work 
with this model has demonstrated elevated LPO lev- 
els, and thus free radical-mediated damage, in the 
mucosa of infected middle ears. Additionally, it was 
noted on histologic examination that the infected 
middle ear mucosa was 10 to 20 times thicker than 
the control mucosa and contained an inflammatory 
cell infiltrate.!° The histologic and biochemical data 
from that study demonstrated that pneumococcal 
AOM caused significant free radical-mediated dam- 
age to the middle ear mucosa. However, that study 
did not address the status of free radicals within the 
middle ear fluid. 


Middle ear fluid, which is composed of fluid and 
inflammatory cells that leak from capillaries at the 
inflammatory site, bathes the middle ear mucosa dur- 
ing infection. It is important to understand the role 
of free radicals in middle ear fluid in the pathogene- 
sis of otitis media for 2 reasons. First, middle ear 
fluid bathes the mucosa, and thus, free radical activ- 
ity within the fluid may reflect free radical damage 
to the mucosa. Second, middle ear fluid is readily 
available in human studies, while middle ear mu- 
cosa is not. Thus, future studies of free radical activ- 
ity in human otitis media are likely to involve analy- 
sis of fluid. Accordingly, the current study was con- 
ducted to assess LPO levels in middle ear fluid in 
pneumococcus-infected ears compared to control 
ears, 


The results of the current investigation demon- - 


strate a significant elevation of LPO in the fluid re- 
covered from pneumococcus-injected middle ears 
compared to saline-injected middle ears at postop- 
erative day 5 (Figs 1 and 2). Hematoxylin and eosin— 
stained sections of the middle ear cavities demon- 
strated marked submucosal edema, inflammatory cell 
infiltration, and hyperemia in infected specimens 
compared to controls (Fig 3). Thus, the histologic 
examination confirmed mucosal trauma in the in- 
fected specimens. This is the first study to document 
evidence of free radical damage in middle ear fluid 
in otitis media. 


There are several issues to consider when analyz- 


ing these results, First, pneumococcal otitis media, 
which had previously been shown to cause free radi- 
cal damage to the middle ear mucosa,!° has now been 
shown to cause increased LPO in middle ear fluid. 
Therefore, elevated LPO levels in middle ear fluid 
may be an indication of elevated LPO (and thus free 
radical damage) in the mucosa. Second, the patho- 
genesis of free radical damage in otitis media should 
be considered. Free radicals, which are likely to arise 
from both Streptococcus and neutrophils during in- 
fection, appear to attack mucosal cell membranes. 
The resulting thickened and dysfunctional mucosa 
may affect the ability of middle ear fluid to be cleared 
and thus increase the susceptibility of the middle ear 
to reinfection. Finally, these results need to be con- 
sidered with respect to human disease. Although the 
relevance of the current study to human pathology 
is uncertain, it is possible that in children, the com- 
bination of Streptococcus infection and responding 
neutrophils can generate mucosa-damaging free rad- 
icals. Investigation of this hypothesis would require 
analysis of human middle ear fluid, since obtaining 
human middle ear mucosa for analysis is impracti- 
cal. Therefore, the current experiment is relevant as 
a precursor to investigations of the role of free radi- 
cals in the pathogenesis of human otitis media. 


Further research on the pathogenesis of free radi- 
cals in otitis media needs to be conducted. Specifi- 
cally, animal research should be directed at decreas- 
ing the oxidative stress in AOM. While antibiotics 
kill bacteria that cause the disease, middle ear fluid 
containing damaging free radicals may remain after 
the infection is eradicated. The use of free radical 
scavengers (enzymes such as superoxide dismutase, 
catalase, and glutathione peroxidase), antioxidant 
vitamins (C, E, and beta-carotene), and other anti- 
inflammatory agents may decrease damage in the 
middle ear during infection. Their role as therapeu- 
tic options in AOM needs to be investigated. Addi- 
tionally, human studies should be conducted that in- 
vestigate the role of free radicals in human otitis me- 
dia. The current animal study, which attempts to link 
analysis of middle ear fluid to previous experiments 
that have documented free radical damage to the mu- 
cosa, serves as an important precursor to human in- 
vestigations. 
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TREATMENT OF HYPERTROPHY OF THE INFERIOR TURBINATE: 
LONG-TERM RESULTS IN 382 PATIENTS RANDOMLY 
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A number of surgical techniques are commonly performed to control the symptoms of inferior turbinate hypertrophy unresponsive 
to medical treatment. We report long-term results in 382 patients randomly assigned to receive electrocautery (62), cryotherapy (58), 
laser cautery (54), submucosal resection without lateral displacement (69), submucosal resection with lateral displacement (94), and 
turbinectomy (45). Outcomes of objective test results from rhinomanometry, acoustic rhinometry, mucociliary transport time, and 
secretory immunoglobulin A levels were compared to the symptom scores before and yearly after surgical treatment. These data 
indicate that submucosal resection with lateral displacement of the inferior turbinate results in the greatest increases in airflow and 
nasal respiratory function with the lowest risk of long-term complications. 


KEY WORDS — inferior turbinate hypertrophy, inferior turbinate surgery. 


INTRODUCTION 


Although it is not a life-threatening condition, na- 
sal obstruction can interfere with the quality of life. 
If septal defects are excluded, the main structures 
contributing to this problem are the nasal turbinates, 
especially the inferior turbinates. Perennial allergic 
rhinitis and nonallergic rhinitis are the most common 
noninfectious causes of mucosal swelling of the in- 
ferior turbinates and reduced nasal airflow. Untreat- 
ed, these conditions may result in chronic nasal ob- 
struction secondary to dilation of the venous sinuses 
or fibrosis. 


Surgical procedures on the enlarged inferior, and 
sometimes middle, turbinates are the only effective 
therapy in these cases. However, selection of the pro- 
cedure of choice among the several available tech- 
niques appears to be based more on personal attitudes 
than on a critical assessment of the treatment out- 
comes. In fact, since the first experiences in turbinal 
surgery performed by Hartmann in the 1890s,! the 
large number of surgical procedures with reported 
benefits suggests a lack of consensus about the most 
effective technique. 


The principal procedures in current use are cauteri- 
zation, cryosurgery, submucosal resection with or 
without outfracture, and resection of the turbinate. 
Each procedure has recognized advantages and dis- 
advantages. We review our experience with each of 
these procedures in patients with inferior turbinate 


hypertrophy unresponsive to medical therapy. Out- 
comes were based on objective studies and a struc- 
tured questionnaire over 4 years of follow-up. 


PATIENTS AND DIAGNOSIS 


Four hundred fifty-seven patients, 256 males and 
201 females (age range 8 to 70 years, median age 38 
years) with intractable nasal obstruction due to chron- 
ic allergic or vasomotor rhinitis and operated on at 
the otolaryngology clinic of the University of Siena, 
were included in the present study. 


Patients with infectious rhinitis or marked septal 
deviation were excluded from the trial. Other exclu- 
sion criteria were previous nasal surgery, nasal polyps 
or sinusitis contributing to the nasal obstruction, sig- 
nificant improvement after medical treatment with 
steroid nasal sprays, and other major nasal diseases. 


Each patient underwent the following diagnostic 
protocol. 


1. Clinical history. 
2. Clinical examination. 


3. Skin tests by prick testing for grass pollen, Pa- 
rietaria, and Dermatophagoides to identify hyper- 
sensitive subjects. 


4. Dosage of specific immunoglobulin E (IgE) by 
radioallergosorbent test (RAST). 
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TABLE 1. QUESTIONNAIRE ON SYMPTOMS 
COLLECTED EVERY YEAR AT CONTROL 


Please express your evaluation on 








Nasal obstruction during the day: 12345 6 

Nasal obstruction during the night: 123456 
Please express your evaluation on 

Nasal discharge during the day: 12345 6 

Nasal discharge during the night: 123 45 6 
Please express your evaluation on 

sensation of ear fullness: 12345 6 


Symptoms must be graded according to a 1-6 scale where 1 is 
the absence of symptoms and 6 is maximum severity cf symp- 
toms. 








5. Nasal decongestion test (NDT) carried out by 
baseline recording of nasal resistance by anterior ac- 
tive rhinomanometry (Rynosystem Amplifon) ac- 
cording to a committee report on the standardization 
of rhinomanometry?; insufflation of a local vasocon- 
strictor (tramazoline hydrochloride) into each nasal 
cavity; and repeat recording of nasal resistance after 
10 minutes. If the nasal resistance normalized or im- 
proved, the test was considered positive. If the nasal 
resistance remained unchanged, the findirg was 
judged to be abnormal. All the patients in the present 
study-had abnormal NDT results. 


6. Acoustic rhinometry performed by a Rhino- 
klack RK 1000 to assess the morphologic and geo- 
metric situation of the nasal cavity. 


7. Measurement of nasal mucociliary transport 
time (MCTT) using charcoal powder placed on the 
inferior turbinate. The normal time to appearance of 
the charcoal indicator in the oropharynx is 13 + 2 
minutes. When the MCTT exceeds 30 minutes, we 
consider the transport to be blocked and interrupt 
the observation. 


8. Measurement of nasal secretory immunoglob- 
ulin A (IgA). Specimens were obtained by inserting 
2 small cotton swabs into each nasal fossa, between 
the septum and the middle and inferior turbinates, 
under anterior rhinoscopy. Twenty minutes later, the 
swabs were removed by a bayonet forceps and in- 
serted into an insulin syringe to squeeze out the se- 
cretion into a test tube. Specimens were analyzed 
immediately or frozen for later analysis.4 


9. A questionnaire ón symptoms, administered ev- 
ery year during the controls. The patients graded the 
following symptoms: nasal obstruction during the 
day and night, nasal discharge during the day and 
night, and sensation of ear fullness according to a 
scale of 1 to 6 (Table 1). 


SURGICAL TECHNIQUES 
The following procedures were performed: 1) 


electrocautery in 62 patients (group 1); 2) cryother- 
apy in 58 patients (group 2); 3) laser cautery in 54 
patients (group 3); 4) submucosal resection without 
lateral displacement in 69 patients (group 4); 5) sub- 
mucosal resection with lateral displacement in 94 
patients (group 5); and 6) turbinectomy in 45 patients 
(group 6). Patients were assigned randomly to 1 of 
the 6 groups. Each of the 10 surgeons involved per- 
formed a balanced percentage of each type of oper- 
ation, using the same technique. Residents were not 
involved. All the surgical procedures were carried 
out under local anesthesia. 


Electrocautery. Inferior turbinate cauterization 
was done by applying a high-frequency coagulation 
current via a round point electrode at constant power. 
The electrode was introduced as far as the posterior 
end of the nasal cavity. The coagulation was carried 
out on the medial surface from behind forward, 2 to 
4 times, 10 seconds each time. At the end of the in- 
tervention, Merocel packs were placed for 3 days to 
avoid the formation of synechiae between the turbi- 
nate and septum.° 


Cryotherapy. The nasal probe of a standard cry- 
ogenic unit using nitrogen protoxide was applied 
along the free edge and then on the medial face at 2 
overlapping levels for 2 minutes, at a temperature of 
—80°C. Merocel nasal packing was left in each side 
for 3 days.&8 


Laser Cautery. Coagulation of the inferior turbi- 
nates was done with a carbon dioxide laser (Coherent 
MP20 laser) delivering 300 impulses per second at 
10 to 15 W. The laser spot was the same size as the 
point of the electrocautery needle. A 2.5-millisecond 
interval was left between consecutive applications 
to avoid excessive carbonization. Packing was not 
necessary.?:!0 


Submucosal Resection Without Lateral Displace- 
ment. Through a 3- to 4-mm incision on the head of 
the inferior turbinate, the submucosal tissue was dis- 
sected from the medial surface and inferior edge of 
the bone by an elevator. Excess cavernous tissue was 
removed with Hartmann forceps with resection of 
the posterior end of the turbinate. Merocel packing 
was used!-11:12 (Fig 1). 


Submucosal Resection With Lateral Displacement. 
This procedure was identical to the above plus out- 
fracture and lateral displacement of the turbinal bone 
by a Goldman displacer!3.14 (Fig 2). 


Turbinectomy. After medial and upward fracture, 
the inferior turbinate was resected by angled scissors 
along the insertion close to the lateral nasal wall. 
Merocel nasal packing was used for 3 days to control 
bleeding. !5-17 
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Fig 1. Submucosal resection. 


In all cases, nasal packing was used without a top- 
ical antibiotic. All patients received a third-genera- 
tion cephalosporin for 6 days. 


RESULTS 


Of the 457 patients entered into the trial, 382 were 
available for follow-up. The follow-up was 4 years 
in 100 patients, 3 years in 91 patients, 2 years in 107 
patients, and | year in 84 patients. 


Forty percent (182) of the patients admitted to the 
study proved to be allergic. Nasal hyperactivity was 
triggered by Dermatophagoides in 30% (54) of cases, 
by grass pollen in 10% (18), and by both allergens 
in 60% (110). 


Results were assessed by measures of 1) patency 
as indicated by nasal resistance and acoustic rhinom- 
etry, 2) MCTT, 3) secretory IgA, 4) symptom score, 
and 5) complications. 


Patency. Nasal resistance values are presented in 
Table 2. Although the average resistance values were 


A 
3 





Fig 2. Lateral displacement after submucosal resection. 
g 


improved in all groups from the preoperative level, 
the duration of improvement varied by treatment 
group. The least improvement occurred in the elec- 
trocautery group, and these values worsened yearly 
to become abnormal by the third postoperative year. 
Normal nasal patency was restored in the other groups 
and remained normal for the remainder of the study 
period. The greatest improvement was seen in the 
turbinectomy group. 


Table 3 shows the morphologic status of the nasal 
cavities as documented by acoustic rhinometric mea- 
surements. All groups had increased volume during 
the first year, with worsening in the electrocautery, 
laser, and cryotherapy groups in the later years. It is 








TABLE 2. NASAL RESISTANCE VALUES MEASURED BY RHINOMANOMETRY 








Time of 





Enrollment Group | Group 2 Group 3 Group 4 Group 5 Group 6 

Ist y (n = 100) 0.80 + 0.13 0.60.11 0.5 + 0.09 0.45 + 0.09 0.45 + 0.09 0.3 +0.09 
(n= 15) (n= 16) (n= 14) (n = 20) (n = 24) (n= 11) 

2nd y (n= 91) 0.85 + 0.14 0.6 + 0.12 0.55 + 0.10 0.45 + 0.09 0.45 + 0.09 0.3 £0.09 
(n= 29) (n = 30) (n= 27) (n = 39) (n= 45) (n=21) 

3rd y (n = 107) 1.2 + 0.33 0.9 + 0.26 0.5 + 0.10 0.5 + 0.11 0.45 +0.10 0.45 0.10 
(n=47) (n=45) (n= 43) (n=53) (n =75) (n = 35) 

4th y (n = 84) 1.50.41 1.0 + 0.29 0,6 0.14 0.50.12 0.45 + 0.12 0.45 + 0.09 
j (n = 62) (n = 58) (n= 54) (n = 69) (n = 94) (n = 45) 


Data are in pascals per cubic centimeter per second (mean + SD). Before surgery, mean value of resistance was 1.2 Pa/cm` per second 


n — number of subjects (total = 382); group | — electrocautery; group 2 — cryotherapy: group 3 
submucosal resection with displacement; group 6 — turbinectomy. 


resection; group 5 





laser cautery; group 4 submucosal 


572 Passàli et a., Hypertrophy of Inferior Turbinate 


TABLE 3, NASAL VOLUMES MEASURED BY ACOUSTIC RHINOMETRY 














Time of 

Enrollment Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

ist y (n = 100) 8.5 + 1.35 9.3 +1.31 10.4 + 2.52 12.4 + 2.96 11.5 + 2.34 12.5 + 1.95 
(n= 15) (n= 16) (n= 14) (n = 20) (n = 24) @=11 

2nd y (n= 91) 7.34 1.28 7.6+ 1.14 9.5 42.37 10.2 £2.05 10.2 +2.15 11.8 £2.15 
(n = 29) (n = 30) (a= 27) (n = 39) (n = 45) (n= 21) 

3rd y (n = 107) 5.51.12 5.7 + 1.03 8.1 +2.12 11.3 +2.14 11.1 +2.47 11.7 + 2.03 
(n = 47) (n = 45) (n = 43) (n = 53) (n= 75) (n = 35) 

4th y (n = 84) 4541.13 4.9 + 0.98 7.4 1.93 11.42.41 11.7 + 2.39 11.8 +2.01 
(n = 62) (n= 58) (n= 54) (n = 69) (n = 94) (n = 45) 


Data are in cubic centimeters (mean + SD). Mean value before surgery was 4.8 cm3, 


n — number of subjects (total = 382); group 1 — electrocautery; group 2 — cryotherapy; group 3 — laser cautery; group 4 — submucosal 
resection; group 5 — submucosal resection with displacement; group 6 — turbinectomy. 





well known that acoustic rhinometry measuzes the 
volume of the nasal cavity. So, acoustic rhinometry 
will register an increase of the volume of the nasal 
cavity after surgery, as the size of the turbinates is 
decreased. Unfortunately, so far, rhinometry is not 
well standardized, and the normal values are not es- 
tablished. However, we believe that the absolute val- 
ues are not very important, and it is interesting to 
evaluate the trend during the follow-up years. 


Mucociliary Transport Time. The mucociliary 
clearance test results are shown in Table 4. The av- 
erage MCTTs remained abnormal, except ir. the 2 
groups undergoing submucosal resection. 


Secretory IgA. A similar trend occurred with se- 
cretory IgA production (Table 5). Normal average 
values (80 to 100 mg/100 mL) were reached only in 
patients receiving submucosal resection, and the 
combination with lateral displacement ensured the 
best results. 


Symptom Severity Score. The trend of the symptom 
score in each group is recorded in Table 6 and shows 
the best results to be in patients treated by submuco- 
sal resection. Symptoms worsened in groups. 1 and 
2 in parallel to the decrease in nasal patency. 


Complications. Surgical complications are pre- 





sented in Fig 3 and Table 7. The patients in groups 1 
to 3 had the greatest problem with chronic crusting, 
due to the nasal physiology impairment, and synechia 
formation. Bleeding was noted only in groups 4 to 
6, reaching clinically troublesome levels only in 
group 6, with true hemorrhages in 25 patients in the 
total turbinectomy group. 


Composite Analysis. To compare the effectiveness 
of the procedures, analysis of variance was per- 
formed year by year. With rhinomanometric results, 
a Statistically significant difference (p > .05) was 
found in favor of submucosal resection with lateral 
displacement (group 5) in comparison with groups 
1 to 3. 


Astatistically significant difference between group 
5 and groups 1, 2, 3, and 6 was noted when the de- 
pendent variable was 1) acoustic rhinometry results 
(p > .01), 2) MCTT, or 3) symptom score (p > .01). 


DISCUSSION 


Cauterization, cryotherapy, and laser cautery are 
associated with only short-term benefit to airway pa- 
tency and with troublesome complications of crust- 
ing. The decreased bleeding, lack of postoperative 
pain, and faster healing after laser cauterization do 


TABLE 4. MUCOCILIARY TRANSPORT TIME 





























Time of 

Enrollment Group I Group 2 Group 3 Group 4 Group 5 Group 6 
1st y (n = 100) 26 + 1.64 25 + 1.92 27 + 1.78 20 + 2.45 2142.15 29 £0.92 
(n= 15) (n = 16) (n= 14) (n = 20) (n = 24) (n= 11) 
2nd y (n = 91) 25 t 1.57 2642.15 27 Ł 1.67 20 + 2.36 18 + 1.83 28 + 0.73 
(n= 29) (n = 30) (n= 27) (n= 39) (n = 45) (n= 21) 
3rd y (n = 107) 26+ 1.49 26 + 2.05 26 + 1.83 1842.15 15 + 1.75 29 £0.85 
(n= 47) (n= 45) (m= 43) (n = 53) (n = 75) (n = 35) 
4th y (n = 84) 25 £ 1.93 25 £ 1.93 27+ 1.90 20 + 2.41 15 + 1.68 29 + 0.95 
(n = 62) (n = 58) (n = 54) (n = 69) (n = 94) (n = 45) 


Data are in minutes (mean + SD). Normal value (for charcoal powder) is 13 + 2 minutes. When time exceeds 30 minutes, we consider blockage 


to be present and interrupt observation. 


n — number of subjects (total = 382); group 1 — electrocautery; group 2 — cryotherapy; group 3 — laser cautery; group 4 — submucosal 
resection; group 5 — submucosal resection with displacement; group 6 — turbinectomy. 
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TABLE 5. IMMUNOGLOBULIN A CONCENTRATION IN NASAL SECRETIONS 
Time of 
Enrollment Group 1 Group 2 Group 3 Group 4 Group $ Group 6 
-1st y (n = 100) 10 +2.5 08 + 2.2 10 2.4 40 + 8.3 38+8.1 20 + 5.3 
(n= 15) (n= 16) (n= 14) (n = 20) (n = 24) (m=11) 
2nd y (n= 91) 10 + 2.6 1242.8 11 2.2 3547.8 4048.6 1544.6 
(n = 29) (n = 30) (n = 27) (n = 39) (n = 45) (n= 21) 
3rd y (n = 107) 12+2.9 102.7 152.9 40+ 8.4 52+9.5 18+4.8 
(n = 47) (n = 45) (n = 43) (n = 53) (n = 75) (n = 35) 
4th y (n = 84) 1843.1 15+2.8 1042.5 53 +9.2 70 Ł 12.8 20+5.5 
(n = 62) {n = 58) (n = 54) (n = 69) (n = 94) (n= 45) 


Data are in milligrams per 100 milliliters (mean + SD). Normal value is 80 to 100 mg/100 mL. 
n — number of subjects (total = 382); group 1 — electrocautery; group 2 — cryotherapy; group 3 — laser cautery; group 4 — submucosal 


resection; group 5 — submucosal resection with displacement; group 6 — turbinectomy. 





not justify the disadvantages such as the expensive 
instrumentation and risk of synechia formation. Thus, 
the laser offers no advantage over simpler surgical 
instruments. 


Submucosal resection of the vascular tissue within 
the turbinate had the least complications (bleeding, 
crusting) and the greatest improvement in mucocili- 
ary clearance and local secretory IgA production. The 
longer hospital stay is counterbalanced by the ab- 
sence of bleeding and the minimal crusting. This con- 
servative technique gives good results in the majority 
of cases and is well tolerated. In Italy we also have 
to consider hospital stay, because, unlike in other 
countries, we hospitalize patients submitted to tur- 
binate surgery. 


The 94 patients who underwent submucosal resec- 
tion (groups 4 and 5) obtained the best results. Adding 
lateral displacement (group 5) to the procedure in- 
curred no additional risk and resulted in marginally 
better results. In fact, the long-lasting increase of 
nasal patency that returned to normal values was ac- 
companied by the normalization of MCTT and local 
secretory IgA production. Therefore, we recommend 
the additional step of turbinate outfracture when 
performing submucosal resection of the turbinate 
tissue. 


Outfracture of the inferior turbinate (without sub- 
mucosal resection) does not significantly affect the 
nasal airway, even when combined with amputating 
the posterior end of the turbinate. In fact, anterior 
rhinomanometry showed that any eventual improve- 
ment is not predictable in any specific patient and 
that it is short-lasting. Therefore, outfracture, of which 
the advantages are the absence of risk of postopera- 
tive nasal adhesions and the minimal possibility of 
developing atrophic rhinitis, either produces a mod- 
est increase in nasal patency!* or is unable to correct 
the nasal obstruction. 


In contrast, lateral displacement of the inferior tur- 
binate improves the results obtained with submucosal 
resection, because hypertrophy reduction and later- 
alization are both obtained. Although a statistically 
significant difference was not observed in the present 
study comparing submucosal resection with and 
without lateral displacement, the additional surgical 
step appears to improve outcome without any addi- 
tional risk. 


Turbinectomy had the greatest effect on nasal ob- 
struction, but its adverse effect on the other nasal 
functions, as shown by poor results of MCTT and 
secretory IgA testing and by secondary hemorrhage, 
limits the usefulness of this technique. Increased air- 


TABLE 6. TOTAL SYMPTOM SCORE 














Time of 

Enrollment Group I Group 2 Group 3 Group 4 Group 5 Group 6 
Ist y (n = 100) 20 £2.25 21 +3.11 21 +2.45 10 + 1.59 101.43 21 +2.43 
(n=15) (n= 16) (n = 14) (n = 20) (n = 24) (n= 11) 

and y (n = 91) 22 + 2.78 22 + 3.34 24 £3.10 12+ 1.79 10 + 1.67 20 + 2.35 
(n = 29) (n = 30) (n= 27) (n = 39) (n = 45) (n = 21) 

3rd y (n = 107) 26 + 3.76 27 £3.85 1842.11 1241.81 10+ 1.85 22 £2.72 
(n = 47) (n = 45) (n = 43) (n = 53) (n=75) (n = 35) 

4th y (n = 84) 26 + 3.82 25 + 3.78 20 + 2.23 1241.89 10 + 1.72 20 + 2.11 
(n = 62) (n= 58) (n= 54) (n = 69) (n = 94) (n = 45) 


Data are in points (mean + SD). Questionnaire on symptoms was administered every year at control visit. Patients graded following symptoms: 
nasal obstruction and nasal discharge during day and night, and sensation of ear fullness, according to 1-6 scale. 
n — number of subjects (total = 382); group 1 — electrocautery; group 2 — cryotherapy; group 3 — laser cautery; group 4 — submucosal 
resection; group 5 — submucosal resection with displacement; group 6 — turbinectomy. 
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Fig 3. Percentage of patients having com- 
plications. Bleeding was absent in electro- 
cautery, cryotherapy, and laser groups. Atro- 
phy was absent in both submucosal resec- 
tion groups. 
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flow and the macroturbulence produced by the mod- 
ified nasal anatomy are responsible for excessive dry- 
ing of nasal secretions and crusting. 


Epiphora due to the damage of opening the naso- 
lacrimal duct is uncommon, except for cases of un- 
usual duct opening up to 10 mm below the attach- 
ment of the inferior turbinate. Dawes!8 and Cook et 
al!? noted a significant risk of primary hemorrhage 
following turbinectomy (8.9% to 10% of patients). 
Salam and Wengraf?° noted that increase of nasal 
airflow corresponded to a decrease in the humidify- 
ing activity of the nasal mucosa. 


Although atrophic rhinitis is a rare complication 
of total inferior turbinectomy, more frequent in pa- 
tients with poor hygiene and nutrition, many authors 
recommend removal of only the portion of the tur- 
binate necessary to treat the airway obstruction, 
avoiding radical resection of the inferior turbinate. 


CONCLUSIONS 


Each procedure for surgical management of chron- 
ic nasal obstruction has been noted to have distinct 
advantages and drawbacks, leading to the general 


teaching that no one operation is “right” for every 
case and that surgery should be individualized. How- 
ever, the results of this study permit us to draw spe- 
cific conclusions. It is clear that the more conserva- 
tive techniques must be preferred, because they pro- 
vide effective control of the vasomotor disturbances 
without interfering with the anatomy and physiology 
of the turbinates. 


These results indicate that the dramatic improve- 
ment in nasal airflow following complete resection 
of the inferior turbinates is accompanied by a clini- 
cally significant loss of humidification and warming 
of the inspired air, decreased efficiency of mucocili- 
ary transport, and reduced secretory IgA defense ac- 
tivities. Thus, even if turbinectomy has excellent re- 
sults in relieving nasal obstruction, it is associated 
with more pain and crusting, long-term dryness, and 
an increased infection rate. 


A follow-up of 4 years is long enough to evidence 
the normalization of physiological parameters when 
submucosal resection with or without lateral dis- 
placement is performed. During the same period of 
time, no significant improvements are observed for 


TABLE 7. COMPLICATIONS 

















Group I Group 2 Group 3 Group 4 Group 5 Group 6 

Complications (n = 62) (n = 58) (n = 54) (n= 69) (n = 94) (n = 45) 
Crusting 39 40 40 7 6 34 
Physiologic impairment 35 36 31 2 2 32 
Synechiae 21 8 4 2 2 14 
Bleeding 0 0 0 10 8 25 
Atrophy 2 3 6 0 0 10 


Data are numbers of subjects. 


n — number of subjects; group 1 — electrocautery; group 2 — cryotherapy; group 3 — laser cautery; group 4 — submucosal resection; group 
5 — submucosal resection with displacement; group 6 — turbinectomy. 
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nonconservative surgical procedures such as turbi- 
nectomy. 


In our opinion, a longer follow-up could only con- 
firm our results. In fact, the increased airflow and 
macroturbulence throughout the nasal cavities fol- 
lowing turbinectomy represent the pathophysiolog- 
ical basis of nasal drying and crusting. 


As aconsequence, the nasal physiological impair- 
ment must be considered permanent, having as its 
substratum irreversible anatomic alterations.?!,22 





Without doubt, elevation of a mucoperiosteal flap 
is technically more difficult than full thickness exci- 
sion. This may be one of the reasons many surgeons 
prefer total or partial turbinectomy to submucosal 
resection, in spite of the better nasal physiology with 
the latter procedure. 


We recommend submucosal resection combined 
with lateral displacement as a first-choice operation 
in cases of nasal obstruction due to hypertrophy of 
the inferior turbinates. 
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ABNORMAL EXPRESSION OF THE CYSTIC FIBROSIS 
TRANSMEMBRANE REGULATOR IN CHRONIC SINUSITIS IN 
CYSTIC FIBROSIS AND NON-CYSTIC FIBROSIS PATIENTS 
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Cystic fibrosis (CF) patients commonly suffer from chronic sinusitis. Mutations of a single gene, the cystic fibrosis transmem- 
brane conductance regulator (CFTR) gene, have been associated with CF. Functional CFTR protein is localized to the apical cell 
membrane, while dysfunctional CFTR is commonly found in the cytoplasm. We undertook a preliminary immunocytochemical 
study of CFTR subcellular localization in CF and non-CF pediatric and adult patients using a newly developed murine monoclonal 
antibody, TAM. Immunostaining was evaluated for subcellular localization (cytoplasmic versus membranous) and for epithelial 
layer (basal versus luminal). Analysis of the predominant CFTR distribution patterns demonstrated significant differences in adult 
versus pediatric groups independent of whether the latter were CF or non-CF (p < .0001 and p < .008, respectively), and no signifi- 
cant difference between the 2 pediatric groups (p = .70). This suggests that the pathophysiology of pediatric sinusitis differs from 


that of adult sinusitis at the level of secretion production. 


KEY WORDS — cystic fibrosis, cystic fibrosis transmembrane regulator, immunocytochemistry, sinusitis. 


INTRODUCTION 


Cystic fibrosis (CF) is the most common lethal 
autosomal recessive disease among Caucasians.! It 
affects up to 1:2,000, with an estimated heterozy- 
gous carrier rate of 1:25. The most common clinical 
abnormalities associated with CF include an abnor- 
mally high concentration of chloride in the sweat, 
chronic respiratory disease affecting both the upper 
and lower respiratory tracts, and pancreatic exocrine 
insufficiency. However, wide variations in CF phe- 
notypes exist. In 1989, a single gene was found to 
be associated with CF, the cystic fibrosis transmem- 
brane conductance regulator (CFTR) gene.2+ The 
CFTR gene codes for a protein that functions as a 
cyclic AMP-regulated chloride channel. In normal 
individuals, the CFTR gene product can be local- 
ized to the apical membrane of pancreatic acinar cells 
and duct structures underlying respiratory muco- 
sa.>-8 The most common CFTR mutation, AF508, re- 
sults in a protein product that is not trafficked to the 
apical membrane; it remains in the cytoplasm, where 
it is essentially nonfunctional.®.? Disruption of the 
secretion of chloride and other codependent ions re- 
sults in an increase in the viscosity of the secretory 
products of the affected cells. In respiratory epithe- 
lium this leads to the inspissated mucous secretions 
characteristic of CF patients. 


Given that the carrier rate for CFTR abnormali- 
ties is so high and that other factors may also result 


in abnormal CFTR expression, CFTR abnormalities 
may be involved in the development of chronic si- 
nusitis. Since adequate data on CFTR genotypic ab- 
normalities in the non-CF sinus disease population 
do not exist, we undertook this immunocytochemi- 
cal study of CFTR localization to investigate CFTR 
dysfunction in CF and non-CF pediatric and adult 
populations with chronic sinusitis requiring sinus sur- 
ery. 
m MATERIALS AND METHODS 
Generation and Screening of Anti-CFTR Antibod- 
ies (TAM). We immunized BALB/c mice with a syn- 
thetic peptide corresponding to the C-terminus of the 
CFTR protein (amino acid residues 1468 to 1480) 
in accordance with a standard immunization proto- 
col approved by the Animal Care Committee at the 
University of Washington. Briefly, 3 injections con- 
taining 100 ug of peptide were administered over a 
4-week period. The spleens were removed and a fu- 
sion procedure was performed with Ag8 cells as pre- 
viously described. !° Supernatants were screened ini- 
tially by an enzyme-linked immunosorbent assay us- 
ing the parent C-terminus peptide, followed by im- 
munocytochemistry on deparaffinized, formalin- 
fixed blocks of T84 colonic carcinoma cells, known 
to express high levels of CFTR.? Antibodies yield- 
ing a cell surface immunostaining pattern were se- 
lected for further analysis on control tissue sections. 


Western Analysis. Western blots were performed 
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Fig 1. Western blot of TAM ascites on CFPAC-1 (posi- 
tive control) and HL-60 (negative control) cell lines. Ar- 
row points to single TAM-specific band in TAM immu- 
nostaining lanes. “No 1°” blot (no primary TAM anti- 
body) demonstrates nonspecific secondary antibody 
bands on CFPAC-1 cells. Coomassie blue stain demon- 
strates protein from both cell types in gel. 


according to standard methodology on CFPAC-1 and 
HL-60 cell lines.!! The CFPAC-1 (ATCC), a meta- 
static human adenocarcinoma pancreatic cell line 
with the AF508 mutation, served as the positive con- 
trol cell type, while HL-60 (ATCC), a leukemia cell 
line with no detectable levels of CFTR messenger 
RNA, served as the negative control cell type.!*.!5 
Briefly, cell lysates containing 20 ug of total protein 
were loaded on 7% sodium dodecyl sulfate—poly- 
acrylamide gel electrophoresis gels, run at 32 mA 
for 2 hours, and transferred overnight at 4°C onto a 
nitrocellulose membrane. After transfer, the mem- 
brane was blocked for 2 hours in 1% casein/0.1% 
Tween/phosphate buffered saline (PBS) at room tem- 
perature and probed with TAM ascites (1:1,000). Sec- 
ondary anti-mouse lgM-—horseradish peroxidase con- 
jugated antibody (1:3,000; Boehringer Mannheim, 
Indianapolis, Ind) was applied for | hour, and a 
chemiluminescent detection system was then em- 
ployed according to the manufacturer’s instructions 
(Pierce, Rockford, Ill). Controls for secondary anti- 
body binding omitted primary TAM antibody. 
Immunocytochemistry. Standard immunocyto- 
chemistry techniques were utilized as previously de- 
scribed.'* Formalin-fixed tissue sections were depar- 
affinized, rehydrated in graded alcohols, and washed 
in PBS prior to incubation with TAM ascites (1: 
1,000) overnight at room temperature. The sections 
were then rinsed in PBS and incubated for 30 min- 
utes at room temperature in biotinylated goat anti- 
mouse IgM (1:400; Vector Laboratories, Burlingame, 
Calif). Rinsed sections were then covered with Vec- 
tor Elite ABC detection reagents, according to the 
manufacturer’s instructions, at room temperature for 


30 minutes. The slides were then developed in 3,3’- 
diaminobenzidine (DAB) with nickel chloride and 
counterstained with methyl green. 

Selection of Sinonasal Specimens. Sixty-seven for- 
malin-fixed, paraffin-embedded specimens of sino- 
nasal mucosa were obtained from the archives of the 
University of Washington Medical Center and the 
Children’s Hospital and Medical Center in Seattle, 
Washington. The 67 specimens consisted of 25 pe- 
diatric sinusitis cases (ages 8 to 15; 17 children with 
a diagnosis of CF on the basis of positive sweat chlo- 
ride tests and history, and 8 children with negative 
sweat chloride tests and no known multisystem in- 
volvement) and 42 adults with no known history of 
CF (ages 26 to 47) who had undergone nasal polypec- 
tomies and/or formal sinus procedures. 


Relationship of CFTR Expression to Histologic 
Features. To avoid differentiation-related changes 
in CFTR immunolocalization, immunostaining anal- 
ysis was confined to areas of histologically normal- 
appearing pseudostratified columnar epithelium. All 
immunostained preparations were evaluated by at 
least 2 observers, and all tissues were scored with 
respect to 1) intracellular localization of the anti- 
CFTR immunostaining (cytoplasmic versus mem- 
branous) and 2) the location of the anti-CFTR immu- 
nostaining within the epithelium (basal versus lumi- 
nal cell layers). The level of intensity of the anti- 
CFTR immunostaining varied significantly within 
specimens and could not be quantitated in a concise 
manner for analysis. For the purposes of statistical 
analysis, the “predominant” intracellular immuno- 
staining pattern (cytoplasmic versus membranous) 
was defined as the immunostaining pattern found in 
more than 75% of the immunostained respiratory epi- 
thelial tissue, while “mixed” immunostaining scores 
were assigned to specimens in which neither pattern 
clearly predominated in this manner. Immunostain- 
ing of cells in the basal epithelial layer was scored 
as either present or absent. 

Statistical Analysis. Statistical analysis of immu- 
nostaining pattern data included %? analysis. All sta- 
tistical tests were run with the Statview software 
package (Abacus Concepts, Berkeley, Calif) 


RESULTS 

TAM Antibody Western Analysis and Control Tis- 
sue Immunostaining. Following initial screening, 2 
IgM antibody subclones (TAM antibody, subclones 
16 and 18) were chosen for further study. Analysis 
by Western blot detected a single TAM-specific im- 
munostained band around 180 to 185 kd in the 
CFPAC-|-positive control cells that was absent in 
the HL-60-negative control cells (Fig 1). The se- 
quence-predicted size of CFTR is 170 to 175 kd, but 
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Fig 2. Normal pancreatic control tissue (original x400). A) TAM immunostaining on pancreatic acini demon- 
strating apical membranous immunostaining pattern. B) TAM immunostaining on pancreatic interlobular duct 


demonstrating apical and basolateral immunostaining. 


CFTR-specific antibodies have detected protein 
bands between 130 and 200 kd.259-15.16 Both TAM 
antibody subclones demonstrated identical immuno- 
staining patterns on control tissues consistent with 
previous studies on the intracellular distribution of 
CFTR.8-17-19 Apical membranous immunostaining 
was found in pancreatic acinar cells, while apical 
and basolateral cell membrane immunostaining was 
noted in pancreatic ducts and respiratory ducts (Fig 
2). 


Sinonasal Tissue TAM Immunocytochemistry 





Analysis. Of the 67 sinonasal specimens, 4 of the 
adult specimens were excluded for lack of adequate 
immunostaining. Strict interpretation of all immuno- 
staining in the specimens demonstrated frequent find- 
ings of focal cytoplasmic anti-CFTR immunostaining 
with or without membranous immunostaining (Fig 
3). Additionally, there were areas within the speci- 
mens that demonstrated no CFTR expression imme- 
diately adjacent to areas with expression. Table | 
lists the predominant intracellular TAM immuno- 
staining patterns. The 7? analyses demonstrated a 
statistically significant difference between the adult 


“yee 


Fig 3. Sinonasal tissue (original x400). A) Hematoxylin and eosin staining of pseudostratified ciliated columnar 
epithelium from maxillary sinus. B) TAM immunostaining demonstrating restricted apical membranous immuno- 
staining pattern. C) TAM immunostaining demonstrating diffuse cytoplasmic immunostaining pattern. Note 
sparing of basal layer cells. D) TAM immunostaining demonstrating immunostaining pattern restricted to basal 
layer cells. 
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TABLE 1. PREDOMINANT CFTR INTRACELLULAR 
IMMUNOSTAINING PATTERN RESULTS 


TABLE 2. PRESENCE OR ABSENCE OF BASAL 
EPITHELIAL CELL LAYER CFTR IMMUNOSTAINING 

















Apical 
Membranous Mixed Cytoplasmic 
Adult 28 8 2 
Non-CF child 2 3 3 
CF child 2 7 8 


CFTR — cystic fibrosis transmembrane conductance regulator, CF 
— cystic fibrosis. 





group and both pediatric groups (adult versus non- 
CF child, p < .008; adult versus CF child, p < .0001), 
while there was no statistically significant difference 
between the 2 pediatric groups (non-CF child ver- 
sus CF child, p = .70). Scoring specimens for the 
presence or absence of basal epithelial cell layer im- 
munostaining again demonstrated a difference be- 
tween the adult group and the pediatric groups (adult 
versus non-CF child, p < .0006; adult versus CF 
child, p < .0002), but not between the 2 pediatric 
groups (non-CF child versus CF child, p = .89; Fig 3 
and Table 2). 
DISCUSSION 


Normal mucus production is important for the 
maintenance of nasal cavity and paranasal sinus ho- 
meostasis. This fact is apparent in patients with CF, 
many of whom have significant sinus abnormalities 
and chronic sinonasal bacterial colonization that can 
exacerbate their lower airway problems.2°?2 The 
CFTR has been recognized as a major regulator of 
mucous fluid content.! The maintenance of the high 
CF carrier rate (1:25 in Caucasian populations of 
northern European descent) has led to speculations 
that the heterozygous state might have some selec- 
tive advantage.?> Conversely, the heterozygous state 
might also have deleterious effects such as recurrent 
sinusitis. No wide-scale genotyping of non-CF pa- 
tients with chronic sinusitis has been performed, and 
thus, possible links between the CF heterozygous 
state and chronic sinusitis remain unexplored. 


The CFTR is a large gene found on chromosome 
7q31.2+ It codes for a 1480 amino acid protein that 
functions as a cyclic AMP-regulated chloride chan- 
nel.© The CFTR also plays a role in cellular sodium 
flux, though the mechanism remains to be clarified, 
and is normally expressed in secretory cell types 
found in a wide variety of organs, including the res- 
piratory tract, the digestive tract, and the exocrine 
pancreas. Subcellular localization of wild-type CFTR 
activity is normally restricted to the apical cellular 
membrane in respiratory ciliated epithelium.®-!7 Con- 
flicting data, possibly due to the different CFTR an- 
tibodies employed, have been published on the im- 
munocytochemical localization of CFTR, but the 
consensus of opinion is that in normal individuals 
the CFTR gene product can be immunolocalized to 








; Positive Negative 
Adult 36 2 
Non-CF child 4 4 
CF child 8 9 





the apical membrane in pancreatic acini and to the 
apical and basolateral membranes of glandular duct 
cells in a variety of tissues.!7-!9 These findings are 
consistent with the secretory function of CFTR. Mal- 
function of an ion channel like CFTR can be caused 
by several different mechanisms, including 1) genetic 
abnormalities leading to a dysfunctional gene prod- 
uct, 2) endogenous or exogenous factors affecting 
protein expression, and 3) factors affecting the intra- 
cellular targeting of the gene product. Each of these 
mechanisms may relate to the development of chron- 
ic sinusitis in CF as well as non-CF patients. 


Over 230 different alleles of CFTR have been de- 
scribed.! Genetic mutations affecting transcription, 
translation, transport, and protein structure have all 
been demonstrated to alter CFTR function. The most 
common mutation, AF508, accounts for 70% of CF 
cases.2> The AF508 CFTR gene differs from the 
wild-type gene by a 3 base pair deletion that results 
in a protein product lacking a phenylalanine resi- 
due. Unlike the wild-type protein, the AF508 CFTR 
protein is not trafficked to the apical membrane, in- 
stead remaining in the cytoplasm, where it is non- 
functional. A similarly mistrafficked CF mutation, 
G480C (cysteine for glycine at residue 480) has been 
demonstrated to have normal function when the pro- 
tein is redirected to the cell surface.?4 Relative CFTR 
dysfunction due to subcellular mislocation could po- 
tentially affect CFTR heterozygotes. Even though a 
single gene appears to cause CF, other genetic ele- 
ments probably contribute to the variable CF pheno- 
types seen in patients with similar CFTR mutations. ! 
These same cofactors might also affect CFTR intra- 
cellular localization and function in patients with- 
out CFTR mutations. 


Exogenous factors such as cytokines can affect 
CFTR function. Studies have demonstrated similar 
cytokine profiles in both CF and non-CF patients. 
Cytokines described include interleukin-1 (IL-1), IL- 
6, IL-8, tumor necrosis factor o (TNF-a), and inter- 
feron-y (IFN-y).25-3! The main source of these cyto- 
kines is the leukocytic inflammatory cells, but IL- 
8 and IFN-y are also produced by the nasal mucosa 
in chronic sinusitis.28.29 Studies have demonstrated 
the effect of cytokines on CFTR expression. Besan- 
con et al32 demonstrated that IFN-y down-regulates 
CFTR expression in gut epithelial cell lines. In an- 
other study, IL-4 and IL-13 were found to differen- 
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tially regulate CI- secretion in gut cell lines.33 The 
IL-4 Cl effect was related to a decrease in CFTR 
protein expression. These data suggest a direct causal 
link between cytokine expression and a maladaptive 
thickening in nasal secretions that could worsen the 
sinusitis. However, these studies did not address the 
issue of changes in cellular and subcellular localiza- 
tion of the CFTR gene product. While predominant 
patterns emerged in the analysis of our specimens, 
all specimens demonstrated mixtures of apical mem- 
branous and cytoplasmic staining. It is possible that 
these patterns are influenced by local populations of 
inflammatory cells. The specimens used in this study 
were inadequate for further analyses along these 
lines; in vitro explant cultures of sinus mucosa might 
be useful in addressing cytokine-CFTR issues more 
directly. Such studies might suggest novel treatments 
aimed at restoring normal sinonasal homeostasis. 


Chronic sinusitis can lead to morphological chang- 
es in respiratory mucosa such as basal cell hyper- 
plasia and squamous metaplasia. Alterations in epi- 
thelial differentiation can also affect intracellular 
CFTR localization. Immunofluorescence studies 
have demonstrated a loss of CFTR apical localiza- 
tion as the morphology shifts from ciliated pseudo- 
stratified epithelium to more squamoid patterns. 17-34 
Analysis of our specimens concentrated solely on 
areas of histologically normal-appearing pseudostrat- 
ified ciliated columnar epithelium in order to try to 
avoid differentiation-related variations. However, it 
is possible that subtle early changes had actually 
occurred in the histologically normal epithelium, re- 
sulting in a loss of the apical membrane polarity with- 
in the respiratory epithelial cells. In such a situation, 
CFTR mistrafficking might simply be a sensitive 
marker for changes in cell polarization. 


In our study, the predominant subcellular staining 
pattern in the adult specimens was. found to be api- 
cal, with a subset of specimens demonstrating non- 
predominant mixed patterns. Of note, 2 adult cases 
demonstrated predominant cytoplasmic staining. In 
contrast, the predominant patterns among the CF 
children were mixed and cytoplasmic. While we do 
not have genotypic information on these CF cases, 
these findings are consistent with the expectation that 
the majority of pediatric CF cases would have AF508 
or other mutations leading to increased cytoplasmic 
distribution of the CFTR protein. Interestingly, the 


non-CF pediatric cases demonstrated patterns simi- 
lar to those of the CF pediatric group. This suggests 
that the pathophysiology of pediatric sinus infections, 
at least those severe enough to require surgery, dif- 
fers from that of adult cases at the level of secretion 
production. It must be recognized that a child with a 
negative sweat chloride test might have an undiag- 
nosed, limited form of CF and that formal analysis 
of the CFTR gene would be necessary to exclude 
this possibility. This analysis is beyond the scope of 
our current study. 


The more frequent presence of basal epithelial an- 
ti-CFTR immunostaining in the adult specimens is 
an intriguing finding, but its significance is unclear. 
The basal layer epithelial cells are less differenti- 
ated compared with the ciliated columnar epithelial 
cells in the luminal cell layer. Since the basal cells 
are not presumed to have a secretory role in respira- 
tory epithelium, no function for CFTR is presently 
recognized in these cells, and the sporadic presence 
of basal layer anti-CFTR immunostaining may indi- 
cate that it is not a normal condition. Additional, non- 
secretory roles have been proposed for CFTR in in- 
tracellular protein trafficking and in acidification of 
intracellular organelles.3536 Up-regulation of CFTR 
in basal cells may reflect changes in cell homeosta- 
sis or may be an early marker of differentiation. 


In conclusion, this study suggests that changes in 
subcellular localization of CFTR are a common find- 
ing in CF and non-CF sinusitis patients. The speci- 
mens available for analysis were submitted to pathol- 
ogy as “representative” tissue obtained during sinus 
surgeries and lack detailed anatomic information that 
might be important, since CFTR expression may vary 
depending on location in the sinonasal tract. For an 
in-depth understanding of the possible role of CFTR 
dysfunction in sinusitis, future studies should include 
more detailed clinical information such as disease 
severity (eg, limited recurrent infections versus mas- 
sive polypoid sinusitis), treatment history (eg, ste- 
roid use), and clinical status at the time of surgery 
(eg, adequacy and recency of any presurgical drug 
treatment). Genetic analysis of the CFTR locus in 
patients with chronic sinusitis may also prove to be 
informative. The increasing availability of genetic 
testing methods may make mutational analysis of. 
the CFTR gene in chronic sinusitis patients more fea- 
sible in the future. 
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In this study using guinea pigs, we investigated the effects of diesel exhaust (DE) containing diesel exhaust particulate (DEP) on 
1) vascular permeability induced by histamine, 2) nasal mucosal permeability to horseradish peroxidase (HRP), and 3) eosinophilic - 
epithelial infiltration. The vascular permeability indcced by histamine was enhanced significantly and dose-dependently in DE- 
exposed guinea pigs. The HRP reaction products in epithelial cells and intercellular spaces were significantly and dose-dependently 
increased in those guinea pigs. Eosinophil infiltration into the epithelial layer was significantly increased in guinea pigs exposed to 
DE containing 3.2 mg/m? DEP, and the reactivity o? the nasal mucosa to histamine solution applied on the nasal mucosa was 
significantly enhanced in those guinea pigs. These findings suggest that DE may play an important role not only in promoting nasal 
hyperreactivity induced by the enhancement of absorption of antigen through the nasal epithelium, but also in inducing eosinophil 


infiltration in nasal mucosa and enhancing nasal mucosal reactivity. 


KEY WORDS — diesel exhaust, diesel exhaust particulate, eosinophil infiltration, epithelial permeability, horseradish peroxi- 


dase. 
INTRODUCTION 


It is reported that the frequency of histamine-in- 
duced sneezing is significantly increased in diesel 
exhaust (DE)-exposed guinea pigs (Kobayashi, un- 
published observations). This finding suggests that 
DE exposure increases the histamine sensitivity of 
nasal mucosa. So, we examined the vascular perme- 
ability of nasal mucosa caused by histamine stimu- 
lation as an index of histamine sensitivity. The vas- 
cular permeability was measured by using Evans 
blue. Evans blue was extracted from the tissues of 
guinea pigs by formamide, and the tissue content was 
quantified fluorimetrically. Nasal mucosal epitheli- 
um serves as a protective barrier to the passage of 
exogenous materials across the airway mucosa. Stud- 
ies using horseradish peroxidase (HRP) have shown 
that changes in the mucosal barrier with an increase 
in transepithelial transport of HRP occur following 
exposure to cigarette smoke,! ether,? histamine, sur- 
gical trauma,’ or osmotic pressure.5-6 Exposure to 
ubiquitous environmental agents such as diesel ex- 
haust particulate (DEP) may also have a profound 
effect on the absorptive properties of the mucosal 
epithelium. Enhanced permeability of the nasal mu- 
cosa has been observed after administration of DEP 
into the nasal cavity,’ and an increase in IgE produc- 
tion has been induced by inoculation of antigen with 


DEP.’ To our knowledge, no published data are avail- 
able on the effect of exposure to DE on nasal muco- 
sal permeability. Eosinophil infiltration into nasal 
epithelium or subepithelium causes nasal mucosal 
hyperreactivity. Therefore, in the present study, we 
examined the effects of DE exposure on nasal mu- 
cosal permeability and eosinophil infiltration in na- 
sal epithelium and subepithelium. 


MATERIALS AND METHODS 


Procedure. Hartley strain white male guinea pigs 
purchased from Japan SLC, Inc were used. They 
weighed 500 to 700 g at the start of the study. They 
were divided into 3 groups. Eight guinea pigs of each 
group were exposed to filtered air or to a low or high 
concentration of DE for 28 days in 1 of 3 identical 
chambers. Only filtered room air flowed through 1 
chamber; and for the other 2 chambers, filtered room 
air was mixed with DE to achieve 1.0-mg/m? and 
3.2-mg/m concentrations of particulates (DEP) be- 
fore it was passed through the chambers. The DE 
used in this study was generated by a light-duty 
(2,740 cm?) 4-cylinder diesel engine (4jB1 type, Isu- 
zu Automobile Co, Tokyo, Japan) using standard die- 
sel fuel. The engine was operated at 2,000 rpm un- 
der a load of 6 torque (kilograms per meter) gener- 
ated by an EDYC dynamometer (Meiden-Sya, To- 
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SUMMARY OF CHARACTERISTICS OF EXPOSURE ATMOSPHERES 

















Diesel Exhaust Particulate 














Control 1.0 mgim? 3.2 mglm3 
Particulate (cpm) 17.7£5.9 588.8 + 81.6 2,414.2 + 351.7 
Nitrogen oxides (ppm) 0.019 + 0.029 10.48 + 3.02 26.07 + 8.04 
Nitric oxide (ppm) 0 + 0.026 9.32 + 1.88 22.55 + 5.18 
Nitrogen dioxide (ppm) 0 0.003 1.39 + 0.53 4.15 +1.41 
Carbon dioxide (ppm) 512.3 + 99.85 1,500.8 + 174.6 3,033.9 + 595.4 
Sulfur dioxide (ppm) 0.063 + 0.068 0.869 + 0.212 1.900 + 0.458 


Data are mean + SD. 





kyo). Specifications for the engine and the dilution 
system have been reported elsewhere.? A summary 
of the characteristics of the exposure atmospheres is 
shown in the Table. The exposures to DE were per- 
formed for 12 hours (from 10:00 PM to 10:00 AM) 
per day, in the National Institute for Environmental 
Studies, Tsukuba, Japan. 


Vascular Permeability Induced by Histamine. Af- 
ter a 28-day exposure, animals were anesthetized in- 
traperitoneally with pentobarbital sodium. After 20 
minutes, Evans blue was injected into an extrajugular 
vein. Immediately, 50 uL of 15-mmol/L histamine 
was administered into each nostril. After 10 minutes, 
the thorax was opened and animals were rinsed with 
150 mL saline via the aorta for 2 minutes. The nos- 
trils were opened and the septum and maxilloturbinal 
conchae of both sides were excised. 


Extraction and Quantification of Evans Blue. The 
excised tissue was pressed against a filter paper to 
remove excess fluid and immediately weighed, 
placed in 2.0 mL formamide, and incubated for 24 
hours in a water bath at 50°C. Colorimetric measure- 
ments were performed in a spectrophotometer at the 
absorption maximum for Evans blue (620 nm). For 
fluorescence measurements, a spectrofluorometer 
was used at an excitation wavelength of 620 nm. Cal- 
culations were based on external standards in for- 
mamide. 


Nasal Mucosal Permeability to HRP. After a 28- 
day exposure, animals were anesthetized intraperi- 
toneally with pentobarbital sodium and tracheotomy 
was performed. Catheter tubes were connected to dis- 
posable syringes, filled with HRP solution (50 mg 
HRP [type I, Sigma, St Louis, Mo] dissolved in 1 
mL phosphate buffered saline [PBS]). The animals 
had their heads down with catheter tubes in both nos- 
trils, so that injected HRP would not flow into the 
inferior airways and lungs. Eighty microliters of HRP 
was instilled into both nasal cavities and left for 30 
minutes. At 30 minutes after HRP instillation, HRP 
was eliminated and blood samples were obtained by 
cardiac puncture. The samples were centrifuged and 
plasma was stored at —80°C in order to quantify the 








serum HRP by enzyme-linked immunosorbent as- 
say. Animals were sacrificed painlessly, and the sep- 
tal mucosa was removed for morphological evalua- 
tion of HRP uptake and transport of HRP across the 
nasal epithelium. 


Enzyme Immunoassay. Microwell plates (96 flat- 
bottom wells, Nunc Inter Med) were coated with 100 
uL of anti-HRP antibody (Cappel, Organon Teknika 
Co, Durham, NC) diluted 1,000 times with carbon- 
ate-bicarbonate buffer (pH 9.6). After incubation at 
4°C overnight, the plates were washed twice with 
300 uL of washing buffer (0.05% Tween 20 in 0.1- 
mol/L PBS). For after-coating, the plates were coated 
with 100 uL of 5% fetal calf serum in PBS and incu- 
bated at 37°C for 2 hours. After washing, the wells 
were incubated with 100 uL of standard or serum 
samples. As a standard, HRP was diluted 10 times 
with normal guinea pig serum. Serum samples were 
diluted 10 times with PBS. After incubation at 37°C 
for 2 hours and additional washing, 100 uL of 1.5 
mg o-phenylenediamine (OPD, Wako, Japan) reagent 
dissolved in 1 mL phosphate citrate buffer was added 
as a reactive substrate and incubated for 10 minutes 
at room temperature in the dark. The reaction was 
stopped by adding 50 uL of 6N sulfuric acid. The 
absorbance measurements were read spectrophoto- 
metrically at 490 nm in each well (model 450 Mi- 
croplate Reader, Bio-Rad). 


Histologic Studies. Immediately after the animals 
were killed, respiratory nasal mucosa of the septum 
was removed and placed in 2% glutaraldehyde over- 
night. These specimens were washed in PBS and 
sliced into finer segments with a Vibratome (Series 
1000, Technical Products International, Inc, St Louis, 
Mo). These were reacted for localization of peroxi- 
dase activity by the method of Graham and Karnov- 
sky.!© The tissues were then placed in a 2% solution 
of osmium tetroxide for 1 hour, dehydrated with a 
series of ethanol buffers, and embedded in Spur (Nis- 
sin EM, Tokyo). Sections were cut with an ultrami- 
crotome; 1-1m-thick sections were prepared from 
each block and stained with toluidine blue for light 
microscopy. Thin sections from such blocks were 
cut, stained with uranyl acetate, and examined with 
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Fig 1. Histogram showing Evans blue extravasation (vascular permeability by histamine) in A) septal mucosa and B) 
mucosa of maxilloturbinal concha. DEP — diesel exhaust particulate. 


an electron microscope. In similar fashion, the nasal 
septa were removed and embedded in paraffin. Sec- 
tions 4 um thick were cut and Giemsa-stained. Tis- 
sue was examined by light microscopy and filmed. 
Eosinophils in epithelium and subepithelium were 
counted, and the surface areas of the epithelial and 
subepithelial layers were measured with area-mea- 
suring software (Mitablet-I, Graphtec KD4D30). In 
this fashion, the number of eosinophils per single 
layer (square millimeters) was determined. Addition- 
ally, tissues were embedded in Epon (Nissin EM) 
and examined by ultramicroscopy. 


Statistical Analysis. Comparisons of Evens blue 
extravasation (vascular permeability), the number of 
eosinophils in the epithelial layer, and the ratio of 
eosinophilic epithelial infiltration were done by 
Mann-Whitney U-test. Comparisons of the percent- 
ages of dark cells among all epithelial cells were done 
by unpaired t-test. For both analyses, a p value of 
.05 was considered the limit of significance. Com- 
parisons of the percentages of intercellular spaces 
with positive reaction to HRP were done by ¥? test. 
For these analyses, a p value of .01 was considered 
the limit of significance. 


RESULTS 


Vascular Permeability Induced by Histamine. The 
vascular permeability of nasal mucosa by histamine 
was significantly and dose-dependently increased in 
DE-exposed guinea pigs. Figure 1A shows Evans 
blue extravasation in septal mucosa; the differences 
between the control group (N = 8) and th2 group 
exposed to 1.0 mg/m3 DEP (N = 8) and between the 
control group (N = 8) and the group exposed to 3.2 
mg/m? DEP (N = 7) were statistically significant (p 
< .05). Figure 1B shows Evans blue extravasation in 
the mucosa of maxilloturbinal concha; the differ- 


ences between the control group (N = 8) and the 
group exposed to 1.0 mg/m? DEP (N = 8) were sta- 
tistically significant (p < .05). The differences be- 
tween the control group (N = 8) and the group ex- 
posed to 3.2 mg/m? DEP (N = 7) show a tendency to 
significance (p < .1) statistically. l 

Nasal Mucosal Permeability to HRP. In the con- 
trol group, HRP reaction products were observed in 
the periciliary spaces, but in very few intercellular 
spaces. On the other hand, in the groups exposed to 
1.0 mg/m? and 3.2 mg/m? DEP, there was much dif- 
fuse cytoplasmic uptake of HRP in dark ciliated cells, 
which appeared to be undergoing degeneration, and 
HRP in the intercellular spaces (Fig 2). Figure 3 
shows the percentages of dark cells among all epi- 
thelial cells; the differences between the control 
group and the group exposed to 1.0 mg/m? DEP and 
between the control group and the group exposed 
3.2 mg/m? DEP were statistically significant (p < 
.05). Figure 4 shows the percentages of intercellular 
spaces with a positive reaction to HRP. The differ- 
ence between the control group and the groups ex- 
posed to DEP were statistically significant (p < .01). 
However, serum levels of HRP did not differ signif- 
icantly among the 3 groups: control (N = 6), 52.4 £ 
37.7 ng/mL; 1.0 mg/m? DEP (N = 7), 22.8 + 5.52 
ng/mL; and 3.2 mg/m3 DEP (N = 7), 38.6 + 68.1 ng/ 
mL. 


Eosinophil Infiltration. The number of eosinophils 
in the subepithelial layer did not differ significantly 
among the 3 groups: control (N = 4), 230.82 + 163.55 
cells/mm?; 1.0 mg/m? DEP (N = 4), 97.4 + 47.07 
cells/mm?; and 3.2 mg/m? DEP (N = 4), 468.86 + 
216.21 cells/mm2. On the other hand, the number of 
eosinophils in the epithelial layer increased signifi- 
cantly in the the group exposed to 3.2 mg/m? DEP 
(p < .05; Fig SA). Nasal epithelium exposed to 3.2 
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mg/m? DEP for 28 days (Fig 6B) had more eosino- 
phil infiltration than did control nasal epithelium (Fig 
6A). Figure 7 shows eosinophil infiltration into the 
epithelial layer in an animal exposed to 3.2 mg/m? 
of DEP. 

DISCUSSION 


In this study, we showed that the vascular perme- 
ability induced by histamine was significantly in- 
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Fig 3. Histogram showing percentages of “dark cells.” 


control 3.2mg/m3 


Fig 2. Nasal epithelial permeation of horseradish peroxidase 
(HRP) in group exposed to 3.2 mg/m} of DEP for 28 days. A) 
There is much diffuse dark cytoplasmic uptake of HRP in 
ciliated cells (dark cells) and what appear to be reaction prod- 
ucts in intercellular spaces (light micrograph; bar — 30 um). 
B) Diffuse dark cytoplasmic uptake of HRP in ciliated cells 
(dark cells; asterisk) that appear to be undergoing degenera- 
tion (transmission electron micrograph; bar — | tum). C) What 
appear to be reaction products in intercellular spaces (arrow- 
heads; transmission electron micrograph; bar — | um). 


creased by DE exposure in a dose-dependent man- 
ner. Recently, we observed that the expressions of 
histamine H1 receptor (HIR) MRNA in human mu- 
cosal microvascular endothelial cells and nasal epi- 
thelial cells are significantly enhanced by DEP ex- 
tract (extract of polyaromatic hydrocarbons: Terada 
et al, unpublished observations). Although we have 
to confirm that the protein level of HIR is actually 
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Fig 4. Histogram showing percentages of intercellular 
spaces in which HRP reaction products appear to be pres- 
ent. 
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Fig 5. Eosinophil infiltration of nasal epithelium exposed to DEP for 28 days. A) Comparison of numbers 
of eosinophils in nasal epithelium. B) Comparison of ratio of eosinophil infiltration. 


up-regulated by DEP extract, there is a possibility 
that DE exposure may up-regulate the expression of 
HIR in nasal mucosa. 

We also showed that nasal epithelial permeability 
to HRP is increased by exposure to DE. Ranga et 
al!! found that in guinea pigs exposed to nitrogen 
dioxide, the morphological correlates of increased 
permeability to HRP appear to be of 2 different kinds. 
One is an increase in pinocytotic activity within the 
hyperplastic goblet cells. The other is transjunctional 
transport by leaky tight junctions. Boucher et al? 
found that histamine and methacholine increase tra- 
cheobronchial mucosa permeability, and that this ef- 
fect is most likely mediated by functional change in 
epithelial tight junctions. However, Sakagami et al!” 
reported that otitis media increased the uptake of 
HRP in the middle ear mucosa by pinocytosis and 
that epithelial tight junctions remained intact in the 
presence of inflammation of the middle ear cavity. 
How, then, did HRP permeate the epithelium in DE- 
exposed animals? There are 2 possible explanations 
for this. One is that HRP is taken up by pinocytosis 
and transported to the lateral cell wall, where it is 





released into the intercellular space, while the other 
is that HRP permeates directly into the intercellular 
space via tight junctions. The former requires about 
30 minutes, so at 10 minutes after HRP instillation, 
HRP reaction products in intercellular spaces are con- 
sidered to have entered directly via tight junction 
(Inagaki). In our study, HRP was instilled for 30 
minutes, and therefore it is impossible to determine 
in which way the HRP reaction products entered the 
intercellular space. In addition, Walker et al!? re- 
ported that tight junction morphology did not change 
following exposure to cigarette smoke, which in- 
creased penetration of HRP from the lumen of the 
trachea into the bloodstream. 


In our previous study, following nasal application 
of HRP prior to nasal DEP solution treatment for 3 
weeks, the HRP content in serum was significantly 
higher than in control specimens (PBS-treated group). 
Further, the density of HRP reaction products in epi- 
thelial cells and intercellular spaces was significantly 
increased in the DEP-treated guinea pigs on elec- 
tron microscopic observation (Konno, unpublished 
observations). In the present study, however, serum 
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Fig 6. Eosinophil infiltration in nasal epithelium (light micrograph; bar — 30 um). A) Control nasal epithelium. 
B) Nasal epithelium exposed to 3.2 mg/m? DEP for 28 days. 
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Fig 7. Eosinophil infiltration in nasal epithelium (trans- 
mission electron micrograph; bar — | um; Be — basal 
cell). 


levels of HRP did not differ significantly among the 
3 groups. This discrepancy in findings is thought to 
be due to the difference between intranasal DEP so- 
lution instillation (strong stimulation) and DE expo- 
sure (mild stimulation), In fact, electron microscopic 
observations showed that in inoculated animals, cell 
damage spread from the epithelial layer to the sub- 
epithelial layer, and HRP reaction products were 
commonly detected in the subepithelial layer (Kon- 
no, unpublished observations). 


The molecular weight of HRP is 40,000 d, and 
HRP appears to be almost the same weight as some 
antigens, for example, certain pollens. It is certainly 
possible that the mucosal permeability to antigen 
across the epithelial layer is increased. Finally, in- 
creases in epithelial permeability, even minor ones, 
may have a marked effect on allergic inflammation. 


The finding that eosinophil infiltration into the epi- 
thelial layer was increased in the groups exposed to 
DE suggests that DEP may have some significant 
effects on the eosinophils, which are thought to be 
mainly responsible for nasal mucosal hyperreactiv- 
ity. This finding can be attributed to enhanced adhe- 
sion between eosinophils and epithelial cells pro- 


moted by potentiation of cell-to-cell adhesion mole- 
cules and/or epithelial function. Terada et al!> re- 
ported that dose-dependent eosinophil-epithelium ad- 
hesion was promoted by stimulating eosinophils for 
18 hours with DEP extract. On the other hand, epi- 
thelial adhesion to eosinophils was not affected by 
either DEP or DEP extract when human nasal epi- 
thelial cells were stimulated with them. This sug- 
gested that DEP extract changes the expression of 
eosinophil surface adhesion molecules, such as leu- 
kocyte function associated antigen—| (LFA-1) and 
macrophage antigen—1 (MAC-1), which are coun- 
ter-receptors of intracellular adhesion molecule—1 
(ICAM-1). However, in an immunofluorescence and 
flow cytometric study performed after eosinophil 
stimulation with DEP extract, no change in mean 
fluorescence intensity was observed for any adhe- 
sion molecule studied.'> It therefore appears likely 
that DEP extract increases eosinophil adhesiveness 
to human nasal epithelial cells by changing the af- 
finity of all adhesion molecules. 

One effect of DEP is promotion of cytokine pro- 
duction, especially that of granulocyte-macrophage 
colony stimulating factor (GM-CSF) and interleukin- 
8 (IL-8), by epithelial cells. When cultured nasal epi- 
thelial cells are exposed to DEP, production of GM- 
CSF and IL-8 is increased (Terada, unpublished ob- 
servations). While GM-CSF facilitates cell differen- 
tiation, migration, and activation and increases eosi- 
nophil survival rate,!® IL-8 facilitates the migration 
of activated eosinophils.!7!8 Therefore, DEP may 
promote eosinophil infiltration by facilitating the pro- 
duction of cytokine-releasing eosinophils by epithe- 
lial cells. 


These findings suggest that DEP has a variety of 
roles in the induction of allergy. Enhanced IgE pro- 
duction in lymphocytes and mast cells has been found 
in some previous studies.*:!92° Additionally, the 
above considerations strongly suggest that DEP plays 
an important role in promoting nasal hyperreactiv- 
ity through HIR, induced by facilitation of epithelial 
antigen passage effects and enhanced eosinophil in- 
filtration of epithelium. 
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FUNCTIONAL ENDOSCOPIC SINUS SURGERY 


Functional Endoscopic Sinus Surgery — Basic and Advanced Techniques will be held in Graz, Austria, in English July 1-3, 1999) 
and in German (September 2-4, 1999). For more information, contact Claire Zwerina, Secretary to Prof Stammberger, ENT-Depart- 
ment, University Hospital, Auenbruggerplatz 20, A-8036 Graz, Austria; fax +4+43/316/385/3425. 
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CONGENITAL NASAL HEMAN GIOPERICYTOMA: INTRAUTERINE, 
INTRAOPERATIVE, AND HISTOLOGIC FINDINGS 


KARL GOTTE, MD 
JURGEN SCHMOLL, MD 


KARL HORMANN, MD 
WOLF-DIETER HILTMANN, MD 


MANNHEIM, GERMANY 


Hemangiopericytoma is a rare tumor of mesenchymal origin. To date, 91 cases of nasal or paranasal hemangiopericytoma and 
59 congenital hemangiopericytomas have been reported in the literature. A congenital hemangiopericytoma arising from the nasal 
cavity and skull base has not yet been described. We report a case of a male newborn with a highly vascular nasal tumor diagnosed 
by in utero sonography with three-dimensional surface reconstruction. The tumor extended to the right anterior skull base, the right 
nasal cavity, and the right side of the nasal pyramid. A complete resection by neodymium:yttrium-aluminum-garnet—potassium 
titanyl phosphate (“Nd: YAG-KTP”) laser was performed on the day of cesarean section at 33 weeks’ gestation. The tumor was 
diagnosed as hemangiopericytoma by histologic and immunohistochemical findings. Postoperative nasal flow, feeding, and sight 
were unimpaired. At the 9-month follow-up, the infant remained free of disease. 


KEY WORDS — congenital tumor, hemangiopericytoma, laser surgery, nose, three-dimensional surface reconstruction. 


INTRODUCTION 


Hemangiopericytoma is a rare tumor of vascular 
origin, comprising 3% of all soft tissue sarcomas. ! 
While the tumor may arise from any vascular site, a 
literature review found only 91 reported cases of he- 
mangiopericytomas of the nasal cavity and the para- 
nasal sinuses, most often involving the ethmoid cells.! 
Patients mainly present with epistaxis and nasal ob- 
struction; rarely, anosmia and proptosis may be seen. 
Compagno and Hyams? and Compagno? introduced 
the term “hemangiopericytoma-like tumors” for na- 
sal forms in order to distinguish these forms from 
hemangiopericytomas of other locations. Nasal forms 
are likely to take a benign course; however, recur- 
rence is seen frequently. There are only 2 documented 
cases of distant metastases.4> 


Congenital forms comprise only 3.3% to 7% of all 
hemangiopericytomas®; 59 cases of congenital he- 
mangiopericytomas have been reported, including 2 
congenital hemangiopericytomas of the nasophar- 
ynx.’ To our knowledge, a congenital hemangioperi- 
cytoma of the nasal cavity and anterior skull base 
has not yet been described. 


The appearance of a congenital hemangiopericy- 
toma is that of a soft, mostly homogeneous mass, 
partially encapsulated and often multilobular. A syn- 
chronous appearance of congenital forms at multiple 
sites is an extremely rare event.’ There is no possi- 
bility of gross differentiation from other vascular tu- 
mors. Spontaneous hemorrhage from congenital he- 





mangiopericytomas can be life-threatening.® 


Common to all forms of hemangiopericytomas is 
their derivation from contractile cells of the capil- 
lary wall, called the pericytes of Zimmermann.? His- 
tology shows a uniform pattern of elongated cells in 
a highly vascular surrounding. By silver reticulin 
staining, single cells surrounded by a layer of retic- 
ulin are typically seen in hemangiopericytomas, 
while in hemangiomas the reticulin fibers are com- 
monly found exterior to the endothelial cells. 


Immunohistochemistry is a helpful tool in the di- 
agnosis of hemangiopericytoma. An exclusive vi- 
mentin expression is a typical finding in adult as well 
as congenital forms of hemangiopericytoma, allow- 
ing differentiation from infantile myofibromatosis, 
which is positive for vimentin as well as &-smooth 
muscle protein.’ Electron microscopy shows spindle 
cells outside the basal lamina of vessels and bundles 
of microfilaments, thus supporting the contractile 
function of the pericytes.° Little data exist on the 
cytogenetic findings in hemangiopericytomas; how- 
ever, several chromosomal abnormalities have been 
noted. A subtype of hemangiopericytoma seems to 
be characterized by an aberration of chromosome 
segment 12q13-15.!° Flow cytometric DNA studies 
by El-Naggar et al!! have used diploid DNA content 
to confirm the low proliferative activity of these tu- 
mors. 


The differential diagnosis depends entirely on his- 
tologic features. Diagnostic difficulties can be found 
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Fig 1. Intrauterine sonographic findings during 28th week 
of gestation, horizontal section. Encapsulated midfactal 
tumor on left side, as well as both orbital walls and cra- 
nium, is clearly visible. 


in the differentiation of hemangiopericytomas from 
juvenile hemangioendothelioma, vascular leioma, 
glomus tumors, and congenital myofibromatosis.!? 


Enzinger and Smith!? defined the histologic fea- 
tures of benign and malignant forms of hemangio- 
pericytoma. Hemorrhage, necrosis, calcification, and 


large numbers of mitotic figures (>3 per high-power 


field) would be suggestive of malignancy, but the 
prognostic value of these histologic findings, espe- 
cially in congenital and juvenile hemangiopericyto- 
mas, is very limited.!* 


A prediction of the clinical course of nasal heman- 
giopericytomas is difficult. In adults, nasal heman- 
giopericytomas are known to have a high rate of lo- 
cal recurrence. The risk of local recurrence is at least 
50%. Distant metastases may arise from hematoge- 
nous and lymphatic spread.'* As congenital heman- 
giopericytomas mostly take a benign course and have 
a different histopathology, they can be regarded as a 
separate pathological entity. In congenital forms, 
local recurrence and distant metastases are extremely 
rare.!5-16 The clinical course of a hemangiopericy- 
toma is difficult to predict, as local recurrence may 
occur many years after initial treatment.!7 


CASE REPORT 


A 35-year-old gravida 6, para 2 woman presented 
during the 28th week of gestation for routine sono- 
graphic examination. The woman was noted to have 
a dysmelia of the right hand. Sonographic examina- 
tion at this time and during follow-up revealed a con- 
stantly enlarging vascular tumor of the midface. The 
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Fig 2. Three-dimensional surface reconstruction based 


on sonographic data, showing encapsulated tumor and 
its relation to facial structures such as forehead. right 
eye, and right angle of mouth in lateral view from right 
side (computer program INVIVO, Fraunhofer Institute 
for Cognitive Computing and Medical Imaging, Darm- 
stadt, Germany) 


sonographic data were acquired by a volume scan 
(machine 530, Kretz, Austria; Fig 1). A three-dimen- 
sional (3-D) reconstruction of the facial surface was 
performed off-line (Fig 2). For 3-D reconstruction, 
the program INVIVO, developed by the Fraunhofer 
Institute for Cognitive Computing and Medical Im- 
aging, Darmstadt, Germany, together with the local 
Department of Obstetrics and Gynecology, was used. 


This latter diagnostic tool, together with an inter- 
disciplinary approach involving the Department of 
Otolaryngology prior to delivery, led to the follow- 
ing conclusions. 


i Spontaneous delivery would be life-threatening 
for the mother and lethal for the child. 


2. The tumor, although of giant size regarding the 
dimensions of the fetus, was potentially resect- 
able without a major functional deficit or mutila- 
tion, as was shown by 3-D surface reconstruction. 


t29 


. Respiratory distress of the newborn immediately 
after delivery had to be considered. 


4. As the tumor was noted to be highly vascular, a 
major challenge for the surgeon would be to con- 
trol blood loss. 


A primary cesarean section was performed dur- 
ing the 33rd week of pregnancy, with preparation 
for rigid tracheoscopy and tracheotomy. Apgar scores 
were 7 at | minute, 8 at 5 minutes, and 8 at 10 min- 
utes. The birth-weight of the fully developed male 
patient was 2,190 g. At clinical examination, a solid, 
nonbleeding tumor with a diameter of 8 cm, cover- 
ing almost the entire face, was noted (Fig 3). The 
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Fig 3. Intraoperative findings after cesarean primary sec- 
tion during 33rd week of pregnancy. from cranial view 
showing enormous, highly vascular tumor, as well as 
closed left eye (lower left). 


tumor was broadly connected with the right lateral 
nasal wall, with its base in the region of the right 
ethmoid sinuses and right frontal skull base. The na- 
sal pyramid, including its bony and cartilaginous 
parts, was developed, although the nose and the an- 
terior wall of the right maxillary sinus were com- 
pressed. 


After an initially stable cardiorespiratory situation, 
the child developed rapidly increasing dyspnea and 
had to be intubated orally. The tumor was resected 
on the first day of life. Surgery was performed with 
a combined neodymium:yttrium-aluminum-garnet 
(Nd: YAG)-potassium titanyl phosphate (KTP) laser 
after a bipolar cauterization of several major vessels 
at the base of the tumor. The frequency-doubled KTP 
laser mode was mainly used as a cutting instrument, 
with good hemostatic properties. The Nd:YAG laser 


Fig 4. At microscopic investigation, he- 
mangiopericytoma shows tightly packed 
tumor cells around ramifying thin-walled, 
endothelium-lined vascular channels (pe- 
riodic acid—Schiff, original x200). 


IMMUNOHISTOCHEMICAL FINDINGS 
Vimentin + 
Desmin 
CD34 
Smooth muscle actin 
Epithelial membrane antigen - 
S-100 protein 
Factor VIII-related antigen - 
Pan-cytokeratin 


mode was only used for selected deep coagulation. 
By this technique, blood loss was minimized. A sin- 
gle blood transfusion of 20 mL was necessary. The 
cartilaginous part of the right lateral nasal wall had 
to be resected due to tumor involvement. All other 
parts of the nasal pyramid could be preserved. The 
orbital wall and the skull base were left intact. The 
resulting wound on the external part of the nose was 
partially covered by a skin rotation. The nasal cav- 
ity healed by granulation. 


The histologic diagnosis after hematoxylin-eosin, 
periodic acid—Schiff (PAS), and Gomori staining, in 
addition to immunohistochemistry staining, was he- 
mangiopericytoma. Immunohistochemistry was neg- 
ative for expression of CD34 and positive for vi- 
mentin. The Table gives an overview of the immu- 
nohistochemical findings. A histologic section of the 
tumor with PAS staining is shown in Fig 4. 

The postoperative course was uneventful, The 
young patient developed well and showed no signs 
of retardation or disability. Further examination 
showed a coloboma of the right iris, as well as mul- 
tiple lipomalike structures of the subcutaneous tis- 
sue, though serum cholesterol and triglyceride lev- 
els were normal. There were no other deformities. 
Nasal airflow, feeding, and sight were not impaired, 
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Fig 5. Postoperative result 3 months after surgery. 


The patient was well healed at 3 months after sur- 
gery (Fig 5). During a follow-up period of 9 months, 


there was no evidence of recurrence. Rhinoplasty is 
planned after childhood. 


DISCUSSION 


Of the 59 reported cases of congenital hemangio- 
pericytomas, we could not find a case in which the 
existence of the tumor was detected in utero.°*:!2.!5.16 
Whereas, for most locations, this lack of detection 
may be of no major consequence for therapy and 
prognosis, a high risk of mortality exists for vascu- 
lar tumors in the head and neck. While high-resolu- 
tion sonography enables the obstetrician to define 
already-present structures, information about the ex- 
act location of the tumor and its relationship to sur- 
rounding structures requires 3-D surface reconstruc- 
tion. Although still a quite new and laborious tech- 
nique, it gives the otolaryngologist important addi- 
tional information about the potential for resection 
and the choice of adequate surgical procedure. The 
possibilities of 3-D reconstruction of sonographic 
data for broader applications in otolaryngology re- 
quire further investigation. 


Congenital hemangiopericytomas mostly take a 
benign course and may also spontaneously remit. 
Congenital tumors are nonetheless dangerous: recur- 
rence can occur after several years, and a malignant 
course with distant metastases cannot be excluded 
with certainty. Also, there is a risk of massive and 
life-threatening bleeding, especially when the tumor 
is exposed. 5-17 In this specific case there was an ad- 


ditional major risk of asphyxia due to the location of 


the tumor. 


Complete surgical resection remains the treatment 
of choice. For hemangiopericytomas of the nose and 
the paranasal sinuses, lateral rhinotomy and midfacial 


degloving are possible means of access, if complete 
resection by endoscopic surgery is not possible. 14-18 
Preoperative angiography with simultaneous embo- 
lization might be helpful in adult cases, but is not 
practical in newborns. The use of the combined Nd: 
YAG-KTP laser for resection has several advantages. 
In our case, the passage of the laser energy by a flex- 
ible fiber allowed good access to the hidden base of 
the tumor. The KTP laser, with a wavelength of 532 
nm and an absorption length in soft tissue of 2 to 3 
mm, has good cutting properties with acceptable he- 
mostatic properties. The Nd: YAG laser, with a wave- 
length of 1,064 nm and an absorption length of 3 to 
4 mm in soft tissue, has only been used in cases of 
required deep coagulation.'? The possible dangers, 
especially of uncontrolled heat conduction, in the 
use of a KTP or an Nd:YAG laser in this region of 
highly delicate structures must be balanced against 
the underlying life-threatening disorder. 


Attempts to treat hemangiopericytomas by chemo- 
therapy, especially Adriamycin, have been report- 
ed.? Cure by chemotherapy is uncertain, however, 
and chemotherapy in newborns is not the treatment 
of choice. Radiotherapy in the treatment of heman- 
giopericytomas has also been reported, but the re- 
sults of radiotherapy and chemotherapy are less 
promising than those of surgical treatment. Steroid 
therapy, useful in many kinds of vascular diseases, 
seems to be ineffective in hemangiopericytomas. !? 


CONCLUSION 


Survival of mother and child in this specific case 
could only be ensured by accurate intrauterine sono- 
graphic diagnosis of the nasal tumor and coordinated 
interdisciplinary action. Three-dimensional surface 
reconstruction of sonographic data permits the oto- 
rhinolaryngologist to offer prenatal recommenda- 
tions for treatment of congenital vascular malforma- 
tions. 


The application of an Nd: YAG-KTP laser for re- 
section of nasal hemangiopericytomas has not yet 
been described. In our experience, this type of laser, 
combining cutting properties with good hemostatic 
properties, proved to be an excellent means of treat- 
ing a congenital nasal vascular tumor. 


Because nasal and congenital hemangiopericyto- 
mas are subtypes of a rare mesenchymal tumor, data 
regarding the outcome of affected patients are rare 
and inconsistent in the literature. We emphasize the 
need to report diagnosed cases and the need to care- 
fully preserve the resected material, as future molec- 
ular analyses may offer the promise of defining sub- 
types with variable clinical behavior. 
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DISTRIBUTION OF RANTES AND INTERLEUKIN-S5 IN 
ALLERGIC NASAL MUCOSA AND NASAL POLYPS 
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Eosinophil-chemoattracting cytokines are thought to be important in the pathogenesis of allergic inflammation. However, little 
is known about the presence and significance of RANTES in nasal allergy and nasal polyps, two well-known rhinologic disorders 
characterized by eosinophil infiltration in the tissue. In order to evaluate the role of RANTES in eosinophil infiltration in vivo, the 
tissue distributions of RANTES and interleukin-5 (IL-5) and their correlation with eosinophil infiltration were investigated. Nasal 
mucosa specimens were obtained from 9 allergic and 12 control subjects, and nasal polyps from 6 allergic and 9 nonallergic subjects. 
All the subjects were divided into 4 groups: normal m.cosa, allergic mucosa, nonallergic polyps, and allergic polyps. To identify the 
cellular localizations of RANTES and IL-5, we used specific immunohistochemical staining. We also investigated the differences in 
cytokine expression among the 4 groups, and the correlation between cytokine expression and eosinophil infiltration in the tissue. 
RANTES was expressed in the epithelium, endothelum, and some submucosal cells, while IL-5 was confined to the cells in the 
submucosa. Expression of both RANTES and IL-5 significantly increased in allergic mucosa and nasal polyps compared to normal 
mucosa; however, there was no significant difference in their expression between allergic and nonallergic polyps. Both cytokines 
had a significant correlation between their expressicn and either total or activated eosinophil numbers. The results of this study 
suggest that RANTES, as well as IL-5, plays a role in eosinophil recruitment in allergic nasal mucosa and nasal polyps in vivo. 


KEY WORDS — eosinophil, interleukin-5, nasal mucosa, nasal polyps, RANTES. 


INTRODUCTION and compare it to that of IL-5 in vivo, we investigat- 

Eosinophil recruitment is well known tobeimpor- ed 1) the expression patterns of RANTES and IL-5 
tant in the pathogenesis of allergic inflammation such in nasal allergy and nasal polyposis and 2) the corre- 
as bronchial asthma and allergic rhinitis.! It is also lation between cytokines and eosinophil recruitment 
believed that the mechanisms by which eosinophils at the tissue level. 
are attracted to the tissues require chemoattractant 
signals such as cytokines.”3 Several in vitro studies MATERIALS AND METHODS 
have shown that RANTES (Regulated And Normal Subjects. Nine patients with perennial allergic rhi- 
T cells Expressed and Sere) is a potent chemo- nitis and 12 healthy, nonatopic, nonrhinitic subjects 
attractant for eosinophils,” while interleukin-5 (IL- with nasal septal deviation were enrolled. All the sub- 
5) is well known to a and activate eosinophils jects were divided into 4 groups: normal mucosa, 
in vivo and in vitro." However, little is known allergic mucosa, nonallergic polyps, and allergic 
about the significance of RANTES in nasal mucosal polyps. None of the subjects had experienced symp- 
allergy and nasal polyps in vivo. Recently, there have toms of upper respiratory tract infection within the 


been conflicting reports on the role of RANTES as preceding month. The rhinitic patients were symp- 
an eosinophil chemoattractant in vivo. In a study us- tomatic and were not receiving any medication, in- 
ae bronchoalveolar lavage fluid (BALF), Venge et cluding topical steroids, for at least 4 weeks before 
al“ concluded that both RANTES and IL-5 areimpor- the study. The presence of allergy was determined 
tant chemoattractants in asthmatics. On th2 other by the presence of the main symptoms of allergic 
hand, the results of another study using BALF have rhinitis, including nasal itching, sneezing, and wa- 


shown that eosinophil recruitment is associated with tery rhinorrhea and a positive skin prick test and/or 
IL-5, but not with RANTES, 24 hours after allergen  fadioallergosorbent test (RAST). All 9 thinitic pa- 
challenge. tients were sensitive to the house dust mite (Derma- 


In order to better understand the role of RANTES tophagoides pteronyssinus and/or Dermatopha- 
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Fig 1. Sections of nasal mucosa and nasal polyp tissues. A) Representative section of allergic nasal mucosa with positive stain- 
ing for RANTES in epithelium (original x400). B) Vascular endothelium staining with anti-RANTES in normal nasal mucosa 
tissue (arrowheads; original x250). C) Photomicrograph of anti-IL-5—stained nasal polyp tissue demonstrating several posi- 
tive immunoreactive cells in submucosa (arrowheads; original x400), D) Nasal polyp with demonstration of specific activity 
of anti-RANTES, with negative RANTES expression after incubation of anti-RANTES with rhRANTES (original x250). 


goides farinae), which is the most common allergen 
in Korea. This study was approved by the Seoul Na- 
tional University Ethics Committee. All the subjects 
gave written informed consent to participation in this 
study, 


Nasal Biopsy and Tissue Processing. Nasal muco- 
sa specimens were obtained from the inferior turbi- 
nates during septoplasty, and nasal polyps during en- 
doscopic sinus surgery. The tissues were then imme- 
diately frozen and stored in a—70°C refrigerator. The 
frozen tissue specimens were processed into Tissue- 
Tek OCT compound (Miles Inc, Elkhart, Ind) and 
serially sectioned at 4-um thickness. 


Immunohistochemistry. The sections were fixed 
in acetone and stained with a streptavidin-biotin per- 
oxidase system. Primary monoclonal antibodies used 
in this study were as follows: goat anti-human 
RANTES (R&D, Minneapolis, Minn), rat anti-hu- 
man IL-5 (Pharmingen, San Diego, Calif), mouse 
anti-human major basic protein (MBP; Monosan, 


Uden, the Netherlands), and mouse anti-human EG2 
(secreted form of eosinophil cationic protein: Phar- 
macia, Uppsala, Sweden). Biotin-labeled goat anti- 
mouse, rabbit anti-goat, and rabbit anti-rat immu- 
noglobulins (Dako Ltd, Glostrup, Denmark) were 
used as the secondary antibodies for MBP or EG2, 
RANTES, and IL-5, respectively. After preincuba- 
tion with blocking antibody in a Dako labeled strep- 
tavidin-biotin kit for 30 minutes at room tempera- 
ture, the sections were incubated — respectively, 
with goat anti-human RANTES, diluted 1:100; rat 
anti-human IL-5, diluted 1:50; mouse anti-human 
MBP, diluted 1:40; and mouse anti-human EG2, di- 
luted 1:50 — in a moist chamber for 2 hours. After 
washing in phosphate-buffered saline, the sections 
were incubated with biotin-labeled goat anti-mouse 
IgG (1:200) for 30 minutes at room temperature, 
washed again in the same buffer, and subsequently 
conjugated by avidin horseradish peroxidase for 45 
minutes at room temperature. They were then washed 
and stained for peroxidase activity with 3,3-diami- 
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Fig 2. RANTES expression in A) epithelium, B) vessels, and C) submucosa of subjects with control nasal mucosa (CNM), 
allergic nasal mucosa (ANM), nonallergic nasal polyps (NAP), and allergic nasal polyps (AP). Data are shown as percentage 
of total length of epithelium, RANTES-positive submucosal cells in 1 mm? of tissue, and percentage of RANTES-positive 
vessels against total vessels, respectively. Solid bars — mean values; asterisks — p < .05 (statistically significant). 


no-benzidine-tetrahydrochloride (DAB; Sigma, St 
Louis, Mo). The specific inhibitory activity of anti- 
RANTES and anti-IL-5 was checked by the preincu- 
bation of the respective antibodies with recombinant 
human (rh)-RANTES (R&D) and rhIL-5 (R&D). 


Assessment and Quantitation of Immunoreactiy- 
ity. The length of positively stained epithelium was 
expressed as a percentage of the total length of the 
epithelium in order to quantitate the immunoreac- 
tivity of the epithelium. With an eye reticule, 1 mm? 
of the lamina propria was examined in 5 fields un- 
der 100x magnification for RANTES-positive and 
IL-5—positive submucosal cells, and under 400x 
magnification for MBP (total eosinophils) and EG2 
(activated eosinophils). The mean value of the immu- 
noreactivity in the 5 fields was taken as the result. 
Percent expression of vascular endothelial RANTES 
was calculated as follows: (Number of vessels stained 
by RANTES-specific monoclonal antibody/Number 
of vessels stained by antibody for factor VIID x 100. 
The numbers of vessels stained with RANTES and 
with factor VIII were analyzed from sequential sec- 
tions. 


We assessed the differences among the 4 differ- 
ent groups (normal nasal mucosa, allergic nasal mu- 
cosa, nonallergic polyps, and allergic nasal polyps). 
Correlation between either RANTES or IL-5 expres- 


sion and eosinophil infiltration in the tissue was also 
investigated. The expression of RANTES and IL-5 
was analyzed by 2 pathologists blinded to the source 
of the tissues. The counts of the 2 observers were 
closely correlated, and the average counts were used 
to report the results. 


Statistical Analysis. A Mann-Whitney U test was 
used to compare the positive immunoreactivity be- 
tween the 2 groups. Correlation was explored with 
Spearman’s rank correlation test. The level of sig- 
nificance was accepted as p < .05. 


RESULTS 


Immunolocalization of RANTES and IL-5. 
RANTES was expressed in the epithelial cells (Fig 
1A), vascular endothelial cells (Fig 1B), and some 
submucosal cells, while immunoreactivity for IL-5 
was confined to the cells in the submucosa (Fig 1C) 
both in the nasal mucosa and in nasal polyps. The 
distribution of immunoreactivity for either cytokine 
was basically identical in the nasal mucosa and na- 
sal polyps. The immunoreactivity against anti- 
RANTES or anti—IL-5 was completely blocked by 
preincubation with rhRANTES (Fig 1D) or rhIL-5. 


Comparison of Expression of RANTES and IL-5 
Among Four Groups. The expression of RANTES 


TABLE 1. MEAN + SD OF RANTES IMMUNOREACTIVITY 























p Value 
CNM ys CNM vs CNM vs NAP vs 
CNM ANM NAP AP ANM NAP AP AP 
Epithelium 23.95 47.2 7T764£7.5 70284192 84.05 + 10.0 .0001 .0006 .0011 .068 
Vessels 21.07 + 7.4 66.7448.9 68554104 67.244 13.5 0002 .0004 .0010 100 
Submucosa 1.62 + 0.7 5.96+2.5 6.67 + 3.1 5.72 +1.3 .0002 .0004 .0009 537 


Data are percentages for epithelium and vessels, and numbers of cells for submucosa. 
CNM — control nasal mucosa, ANM — allergic nasal mucosa, NAP — nonallergic nasal polyps, AP — allergic nasal polyps. 
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TABLE 2. MEAN + SD OF INTERLEUKIN-5 IMMUNOREACTIVITY 
p Value 
:' CNM ys CNM ys CNM vs NAP vs 
: CNM ANM NAP AP l ANM ` NAP AP AP 
Submucosa 0.53 + 0.4 3.77 £0.9 2.97 £0.9 4.65 + 1.2 .0029 .0015 .0033 .082 


Data are numbers of cells. 


CNM — control nasal mucosa, ANM — allergic nasal mucosa, NAP — nonallergic nasal polyps, AP — allergic nasal polyps. 





in the epithelium was significantly increased in aller- 
gic mucosa (77.64% + 7.5%, p = .0001), nonallergic 
nasal polyps (70.28% + 19.2%, p = .0006), and al- 
lergic nasal polyps (84.05% + 10.0%, p = .0011) 
compared to normal mucosa (23.95% + 7.2%; Fig 
2A). RANTES expression in the vessels was also 
significantly increased in allergic mucosa (66.74% 
+ 8.9%, p = .0002), nonallergic polyps (68.55% + 
10.4%, p = .0004), and allergic polyps (67.24% + 
13.5%, p = .0010) compared to normal mucosa 
(21.07% + 7.4%; Fig 2B). This finding was also ob- 
served in the expression of submucosal cells (1.62 + 
0.7 cells in normal mucosa, 5.96 + 2.5 in allergic 
mucosa, 6.67 + 3.1 in nonallergic polyps, and 5.72 + 
1.3 in allergic polyps; Fig 2B and Table 1). Like- 
wise, IL-5 expression of submucosal cells was in- 
creased in allergic mucosa (3.77 + 0.9, p = .0015), 
nonallergic polyps (2.97 + 0.9, p = .0033), and aller- 
gic polyps (4.65 + 1.2, p = .0033) compared to nor- 
mal mucosa (0.53 + 0.4; Table 2). However, there 
was no significant difference in the expression of 
either RANTES (p > .05) or IL-5 (p = .082) between 
the nonallergic and allergic groups in patients with 
nasal polyps (Tables 1 and 2). 


There was a significant correlation of RANTES 
with total (MBP-positive) and activated (EG2-posi- 
tive) eosinophil numbers in the epithelium (MBP, r 
= .727, p = .0001; EG2, r = .742, p = .0001) and in 
the vessels (MBP, r= .867, p = .0001; EG2, r = .854, 
p = .0001) and submucosal cells (MBP, r = .864, p = 
.0001; EG2, r = .857, p = .0001; Fig 3A and Table 
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3). Similar correlations were noted when the mean 
IL-5—positive cell numbers in the submucosa were 
analyzed with total and activated eosinophil num- 
bers. A correlation performed between the mean IL- 
5—positive cell numbers and the total eosinophil num- 
bers yielded r = .812, p = .0001. Further, a correla- 
tion performed between IL-5—positive cell numbers 
and the activated eosinophil numbers yielded r = 
.723, p = .0004 (Fig 3B and Table 3). 


DISCUSSION 


In vitro investigations have revealed that RANTES 
induces eosinophil chemoattraction and release of eo- 
sinophil cationic protein.47 However, very little in- 
formation is available on the in vivo role of RANTES 
in allergic airway inflammation, which is character- 
ized by eosinophil infiltration in the tissue. Further, 
there has been a controversy regarding the in vivo 
role of RANTES in 2 recent studies using BALF in 
asthmatics.!.2 The results of these studies using 
BALF may not fully explain the role of RANTES 
and IL-S at the tissue level. Moreover, the importance 
of RANTES may be more related to its eosinophil 
chemoattractive ability in a tissue-bound form, rather 
than a secreted form within the airway lumen, since 
it has been proposed that intercellular matrix-bound 
RANTES acts as a major chemotactic mediator of 
inflammatory cell infiltration.®.? In this study, the ex- 
pression of RANTES and IL-5 increased in the al- 
lergic nasal mucosa, and the degree of expression of 
either cytokine showed a significant correlation with 
infiltration of eosinophils in the tissue. These results 
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Fig 3. Correlation of A) RANTES and B) IL-5 expression with EG2-positive (activated) eosinophil numbers in submucosa. 
RANTES and IL-5 show good correlation with activated eosinophil numbers. 
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TABLE 3. CORRELATION BETWEEN CYTOKINE EXPRESSION AND EOSINOPHIL INFILTRATION 


























Monoclonal 
Cytokine Antibody Epithelium Submucosa Vessels 
RANTES MBP r=.727, p= .0001 r= .864, p = .0001 r = .867, p = .0001 
EG2 r=.742, p= .0001 r= .857, p = .0001 r= .854, p = .0001 
Interleukin-5 MBP r= .812, p = .0001 
EG2 r= .723, p = .0004 


MBP — major basic protein; EG2 — secreted form of eosinophil cationic protein. 








suggest that RANTES and IL-5 may play important 
roles in eosinophil recruitment in allergic nasal mu- 
cosa. 


RANTES has been known to be expressed by var- 
ious cells such as fibroblasts, monocytes and macro- 
phages, T-lymphocytes, and epithelial and endothe- 
lial cells.!9!2 In this study, immunoreactivity for 
RANTES could be localized in the epithelial cells, 
vascular endothelial cells, and some submucosal 
cells. In this study, we also demonstrated that the 
expression of RANTES and IL-5 increased signifi- 
cantly in allergic nasal mucosa and nasal polyps with 
both allergic and infectious rhinitis, as compared to 
normal mucosa. It is suggested that both RANTES 
and IL-5 are responsible for eosinophil infiltration 





in nasal polyps with and without nasal allergy, as 
well as in allergic nasal mucosa. Mast cells and eo- 
sinophils were reported to be major sources of IL-5 
in human allergic mucosal inflammation.!3 The im- 
munoreactivity for IL-5 was confined to several sub- 
mucosal cells in this study. Bachert et al!4 identified 
69.5% of IL-5—positive cells as eosinophils. How- 
ever, our study does not rule out the possibility that 
T-lymphocytes are another source of IL-5, because 
these cells do not store protein and therefore are not 
expected to be positive in an immunohistochemical 
study, as Bachert et al suggested. Further, because 
the inflammation found in the polyps may be due to 
chronic superinfection of the polyps, further studies 
including a control with chronic sinusitis only are 
needed. 
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GRAFT HEALING IN LARYNGOTRACHEAL RECONSTRUCTION: 
AN EXPERIMENTAL RABBIT MODEL 
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The actual sequence of events in graft healing in laryngotracheal reconstruction (LTR) is not well understood. To investigate 
sequential changes in graft healing, we submitted 21 rabbits to LTR with an anterior auricular cartilage graft. They were immediately 
extubated after surgery, and no stent was used. Rabbits were painlessly sacrificed at 7 different time periods (0, 1. 2. 3. 4. 6, and 10 
weeks after surgery). Cross sections of the larynx and graft were cut and staimed with hematoxylin-eosin and trichrome. Epithelial- 
ization progressed very rapidly and was complete by 21 days. During the 10 weeks, there was a progressive necrosis and resorption 
of the original graft cartilage. However, neochondrification progressed very rapidly and resulted in excellent structural support of 


the graft in the airway. Problems, such as infection and granulation tissue fommation, were relatively minor and infrequent 


KEY WORDS — epithelialization, laryngotracheal reconstruction, neochondrification. subglottic stenosis 


INTRODUCTION 


The management of subglottic stenosis depends 
on several factors, including the age and size of the 
patient, as well as the location and severity of the 
stenosis. The mainstay for repair of severe subglot- 
tic stenosis is laryngotracheal reconstruction (LTR) 
with autologous cartilage grafts.'> This technique 
involves the expansion of the diameter of the subglot- 
tic airway with the insertion of elliptically shaped 
cartilage grafts (Fig |). Costal or auricular cartilage 
may serve as graft material. Grafts may be placed in 
the anterior position, the posterior position, or both. 
The placement site depends on the location and se- 
verity of the stenosis. 
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The ideal laryngotracheal graft should conform 
to the shape of the airway lumen and maintain struc 
tural sapport of the airway. The graft should have 
enough structural rigidity to prevent collapse of the 
lumen. The survival of the original graft cartilage is 
important to maintaining the structural integrity of 
the graft in the airway. 

Both clinical and animal studies have established 
that autologous cartilage grafts survive in both posi- 
tions.» Zalzal et al’ performed LTR with an autolo- 
gous costal cartilage graft in the anterior position of 
the larynx in 50 New Zealand White rabbits. They 
maintained perichondrium on the luminal! surface of 
the airway in 32 of the 50 rabbits and performed his- 





Fig 1. Techniques. A) Laryngofissure in rabbit airway. B) Auricular cartilage graft sutured into anterior position 
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tologic examination of the specimens at 2 and 4 
months. They found histologic evidence of complete 
epithelialization and qualitative survival of the origi- 
nal costal cartilage in 29 of the 32 specimens. How- 
ever, 4 of the 14 rabbits without perichondrium on 
the luminal surface developed cartilage infection and 
necrosis and died. An additional 3 cases had partial 
infection with qualitative evidence of graft cartilage 
survival.’ 


Further, Cotton? performed quantitative histologic 
analysis of auricular cartilage grafts in the airway of 
32 New Zealand White rabbits. The study compared 
the survival and fate of autologous auricular carti- 
lage grafts in both the anterior and postericr posi- 
tions of the larynx at 1 point in time (2 months). 
Nine rabbits were excluded from analysis because 
of infection of the grafts and premature death. Most 
of the graft cartilage of the remaining specimens sur- 
vived in both positions. However, both antericrly and 
posteriorly placed grafts developed substantial necro- 
sis and resorption of the original cartilage, as well 
as a significant degree of neochondrificatien. The 
posteriorly placed grafts developed less necrosis and 
resorption and more neochondrification than the an- 
teriorly placed grafts. In fact, in Cotton’s study, a 
mean of 43.4% of the original anterior cartilage ne- 
crosed and resorbed, compared to 16% of the origi- 
nal posterior graft cartilage.5 


Graft healing in LTR is a dynamic and progres- 
sive process with potential complications. Therefore, 
it is important to analyze the chronological changes 
in the cartilage graft over time, including the devel- 
opment of potential problems such as excess:ve car- 
tilage necrosis, graft infection, and the formation of 
granulation tissue. Further, no previous investigator 
has analyzed the crucial dynamic changes in graft 
healing in a sequential fashion. The main purpose of 
this investigation was to determine the sequence of 
events in graft healing in a rabbit model of LTR. It is 
not known how quickly cartilage grafts epithzlialize 
and become securely incorporated into the graft in- 
sertion site. In addition, the basic histologic model 
of graft healing in LTR will serve as a basis for fu- 
ture experimental studies of graft healing. 


MATERIALS AND METHODS 


Laryngotracheal reconstruction was performed on 
21 female New Zealand White rabbits. The rabbits, 
which weighed 4.0 to 4.5 kg, were administ2red an 
intramuscular injection of xylazine hydrochloride (6 
mg/kg) and ketamine hydrochloride (30 mg/kg). 
They were intubated and maintained on isoflurane 
(1%) throughout the surgery. The neck and left ear 
were shaved and prepared with Betadine solution. A 


transverse incision was made over the dorsal sur- 
face of the left ear. The perichondrial surface of the 
auricular cartilage was isolated, and a 20 x 15-mm 
section of cartilage was excised with the perichondri- 
um intact on the dorsal surface. The cartilage graft 
was kept moist in a saline-soaked gauze. The ear 
skin incision was closed with a running 4-0 Vicryl 
suture. 


The rabbit was then positioned in a supine, hyper- 
extended position on a shoulder roll. A 3-cm trans- 
verse incision was made at the level of the subglot- 
tic region. The sternohyoid and sternothyroid mus- 
cles were separated to expose the larynx in the mid- 
line. An anterior laryngofissure was made through 
the cricoid cartilage and upper 2 tracheal rings (Fig 
1A). A 20x 15-mm section of translucent radiograph- 
ic film was used as a template to shape an elliptical 
anterior cartilage graft. The graft was secured to the 
cut edges of the divided cricoid and tracheal carti- 
lage by means of 10 or 11 interrupted 6-0 Prolene 
sutures (Fig 1B). At the end of the procedure, the 
rabbit was given positive pressure ventilation to 
check for air leaks. The wound was then copiously 
irrigated with saline solution. The muscle and skin 
were closed in layers with interrupted 4-0 Vicryl su- ` 
tures. The rabbits were immediately extubated after 
surgery. No antibiotics were employed. 


Three rabbits were painlessly sacrificed imme- 
diately after surgery and at each of the later time 
periods (1, 2, 3, 4, 6, and 10 weeks after surgery). 
The larynx and trachea were harvested and placed 
in 10% formalin solution for fixation. The larynx was 
transversely divided at the center of the cartilage 
graft. A2-mm-thick horizontal section from the mid- 
portion of the graft was removed and embedded in 
paraffin. Five-micron-thick cross sections were cut 
on a microtome. They were placed on glass slides 
and stained with hematoxylin-eosin and trichrome. 


All the stained specimens underwent quantitative 
histologic analysis with a semiautomated Optomax 
V Image Analyzer (Optomax, Hollis, NH). After a 
cursor was used to outline the images of interest on 
a magnified monitor screen, computed measurements 
of area, length, and circumference were made with 
the VIDS V program (Optomax). The following mea- 
surements were made for each specimen: 1) percent- 
age of the graft surface covered with epithelium (Fig 
2); 2) length of the graft surface that was epithelial- 
ized (millimeters), 3) area of the tracheal lumen 
(square millimeters), 4) area of the entire cartilage 
graft (square millimeters), and 5) areas of neochon- 
drification (square millimeters). Then, on the tri- 
chrome stains, the areas of viable and necrotic carti- 
lage within the graft were determined and calculated 
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Fig 2. Results. Partial surface epithelial- 
ization at | week after surgery (original 
x40). Arrow shows direction of epithe- 
lial migration over original cartilage 
graft (A). Note that most of newly formed 
epithelial cells (leading edge) are flat- 
tened and cuboidal. 


as a percentage of the entire cartilage graft (Fig 3). 
The results of the 3 specimens at each time period 
were averaged, and the standard error was calculated 
for each time period. The time zero controls, which 
were painlessly sacrificed immediately after surgery, 
were used as an example of viable cartilage. 


RESULTS 


Twenty of the 21 rabbits survived the entire post- 
operative period. There were no major wound infec- 
tions. None of the rabbits had signs of upper airway 
obstruction. However, | rabbit died suddenly of air- 
way obstruction from a mucous plug. This was on 
the seventh day after surgery, following an uncompli- 
cated postoperative course. The graft was completely 
intact and underwent histologic analysis as a 1-week 
specimen. In addition, 2 rabbits developed small ar- 








eas of granulation tissue on the intraluminal surface 
at 2 and 4 weeks. These were small and did not com- 
promise the airway (Fig 4). However, there was a 
higher degree of infection and necrosis of the origi- 
nal cartilage graft in these 2 specimens relative to 
other specimens at the same time period (8.4% at 2 
weeks and 30.7% at 4 weeks). Epithelialization was 
rapid and reached 100% coverage within 3 weeks 
(Table 1). The initial epithelial cells were small and 
cuboidal (Fig 2), but by 6 weeks had transformed 
into ciliated columnar respiratory epithelium (Fig 5). 
The area of the laryngotracheal lumen remained rela- 
tively constant over time (Table 1). 


The original cartilage graft changed dramatically 
in a short period of time. At | week. the original 
graft started to undergo necrosis (1.5%). This pro- 
gressed to 39% at 10 weeks after surgery (Table 2). 


Fig 3. Results. Cartilage graft 6 weeks 
after surgery (original x100). Note origi- 
nal cartilage graft with cartilage necro 
sis (A) and viable cartilage (B). Neo 


chondrification (C) occurs on extralumi 
nal surface of grafi, This also shows 
complete epithelial layer of cells (arrow) 
and thick layer of fibrous tissue (D) bi 


tween epithelium and graft 





However, as the original cartilage graft necrosed and 
resorbed, there was a simultaneous and progressive 
increase in the formation of new cartilage. This oc- 
curred on the extraluminal surface of the graft and 
both cut ends of the tracheal cartilage (Table 2 and 
Fig 3). The area of neochondrification reached a max- 
imum of 1.85 mm at 10 weeks. In some cases, the 
neochondrification process did alter the shape of the 
cartilage graft (Fig 6). 


DISCUSSION 


This study clearly demonstrated the sequential his- 
tologic changes in an autologous laryngotracheal car- 
tilage graft as a function of time. The free laryngotra- 
cheal cartilage graft undergoes multiple dramatic 
changes that may impact on the structural integrity 
of the graft. First, the luminal surface of the graft is 
rapidly epithelialized. The complete epithelial lin- 
ing will protect the cartilage graft from infection by 
the respiratory tract. From the beginning, the epithe- 
lium grows from the lateral free edge toward the mid- 
line. This growth results in complete epithelial cover- 
age of the graft by 21 days. 

Surface epithelialization is a rapid process in most 

TABLE 1. HISTOLOGIC ANALYSIS 








Tracheal Lumen 
Area (mn) 


Surface 


Time (wk) Epithelialization (%) 


0 00.0 SE 1.2 

| 52+ 1.11 22.5 +2.09 
2 §3 + 13.0 24.6 + 0.95 
3 100 + 0.0 23.4+0.42 
4 100 + 0.0 19.8 +4.10 
6 100 + 0,0 23.6 + 0.66 
10 100 + 0.0 22.1 +0.91 


Data are mean + SE. | 
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Fig 4. Graft with inflammatory granula- 
tion tissue (original x100). Note infiltra- 
tion of chronic inflammatory cells and 
necrosis of cartilage. 
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regions of the human body. On the epidermal sur- 
face, small linear wounds require 3 to 5 days for com- 
plete epithelialization to occur. The process begins 
12 hours after formation of the wound with epitheli- 
al migration. Subsequent events include the forma- 
tion of the basement lamina, differentiation of the 
epidermis, and keratinization.!° Larger open surfaces 
may require longer periods of time for epithelializa- 
tion to occur. In the experimental rabbit model, the 
cartilage grafts were completely epithelialized by 21 
days after surgery, although the process starts imme- 
diately after surgery. The initial epithelial layer at 3 
weeks was composed of flattened cuboidal cells, 
which gradually differentiated into a mature respira- 
tory epithelium at the later time periods. Since stents 
were not used in this experiment, epithelialization 
occurred rapidly over an unimpeded free surface. Wi- 
atrak et al!! previously demonstrated that stents may 
retard the epithelialization process. 

While epithelialization is occurring, the original 
cartilage graft undergoes dramatic changes over time, 
including cartilage necrosis, resorption, and neochon- 
drification. Assessment of these changes in cartilage 
viability can be done in several ways. Histologic an- 
alysis, which is a reliable method to assess cartilage 
viability, was used in this experiment. On histologic 
examination, cartilage death is manifested by large, 
empty cartilage cells with loss of nuclei and mas- 
sive inflammatory cellular infiltration (Fig 4). In con- 
trast, viable cartilage cells contain both nuclei and 
chromatin. Cartilage necrosis can also be assessed 
biochemically (ie, hydroxyproline) or by use of ra- 
dioactive tracers.®7 In this study, the time zero con- 
trol specimens demonstrated the histologic appear- 
ance of viable auricular cartilage cells and matrix 
with our staining techniques. 
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Fig 5. Results. A) Whole mount view of complete laryngotracheal airway showing complete epithelialization (arrow 
at 6 weeks after surgery (original x2). B) Close-up view (original x40) showing complete layer of newly formed 
respiratory epithelium (arrow) over thick layer of fibrous tissue (a) and intact viable cartilage graft (b) 


The original cartilage graft changed dramatically 
during the study period. In most cases, the graft un- 
derwent a significant degree of necrosis and resorp- 
tion. Nevertheless, the area of viable cartilage re- 
mained relatively constant, as there was a simultane- 
ous increase in new cartilage. The resorbed carti- 
lage was largely replaced with new cartilage and firm 
fibrous tissue. The original cartilage graft acted as a 
“scaffold” for epithelialization, as well as neochon- 
drification and the formation of fibrous tissue. New 
cartilage formed on the external surface of the graft 
and both cut ends of the tracheal cartilage, changing 
the overall shape and configuration of the original 
cartilage graft. Nevertheless, the structural support 
of the graft as an “airway expander” was still main- 
tained. In all cases, the grafts remained in stable posi- 
tion without the support of a stent or endotracheal 
tube. 

While none of the rabbits had any major prob- 
lems with graft healing, there were a number of rela- 
tively minor problems. First, 2 rabbits developed 
small areas of granulation tissue and infection on 
the luminal surface of the graft. These appeared as 
small mounds of chronic inflammatory cells that 


TABLE 2. CARTILAGE GRAFT SURVIVAL 


Area of 


Original Area of 
Cartilage Percent Percent New 
Time Graft Viable Necrosed Cartilage 
(wk) (mm) Cartilage Cartilage (mm?) 
0 1.92+0.0 100.0 + 0.0 0.0 0.00 + 0.0 
l 2.79 + 0.22 98.5 +0.19 1.5 0.07 + 0.04 
2 2.12+0.39 95.6+1.61 4.4 0.32 + 0.13 
3 1.58+0.14 84.0+7.56 16.0 0.29 + 0.02 
4 1.85+0.60 75.5+2.52 24.5 0.62 + 0.13 
6 1.85 + 0.11 79.5+10.74 20.5 1.00 + 0.25 
10 2.42 Ł 0.51 61.0 + 3.98 39.0 1.85 1.13 


Data are mean + SE. Original graft (100%) = % Viable cartilage + % 


Necrosed cartilage. 


were partially covered with an epithelial lining and 
protruded slightly into the lumen of the airway. Both 
processes were small and did not compromise the 
airway. However, they did result in a higher degree 
of cartilage necrosis and resorption (Fig 4). This 
inflammatory process was associated with increased 
necrosis of cartilage on the luminal surface of the 
airway. In addition, | rabbit died suddenly of a mu- 
cous plug. However, the graft was completely intact 
in the airway, and histologic analysis revealed that 
the graft cartilage was 100% viable and partially epi- 
thelialized (55%). 


Even though the rabbit experiment clearly dem- 
onstrated the overall trend in graft healing, the study 
still had several shortcomings. The first is the fact 
that while general trends are valid, rabbit wound heal- 
ing may differ from human wound healing. Rabbits 
were chosen because they are a reliable model of 
the infant airway, and they have been used extensive- 
ly in the past as an animal model for airway proce- 
dures. Further, it would have been impossible to con- 
duct this type of histologic analysis in humans. The 
second major weakness was the use of auricular car- 
tilage grafts, since costal cartilage grafts are com- 
monly used in human LTR. Auricular grafis were 
chosen for ease of access. Auricular and costal carti- 
lage are very different on a chemical and molecular 
level and may have different healing tendencies. 
Nevertheless, some clinicians use auricular grafts in 
human LTR with excellent results. ! 


The third shortcoming was that the rabbits in the 
study had a normal airway prior to the LTR. This 
experimental model correlates most closely with 
graft healing for mild or moderate cases of subglot- 
tic stenosis. It probably would have been ideal to 
study graft healing in a rabbit with experimentally 
induced severe subglottic stenosis, However, this 
would require a tracheotomy, which would be diffi- 
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cult to maintain in a chronic rabbit experiment. 


Therefore, future studies are needed to optimize 
the graft healing process for the more severe grades 
of subglottic stenosis. The histologic rabbit model 
of LTR may serve as a basis for future studies. For 
instance, certain growth factors such as epidermal 
growth factor or bone morphogenetic protein could 
be used to accelerate epithelialization and strengthen 
the graft with the formation of new cartilage and 
bone, respectively. These growth factors may be ap- 
plied to experimental grafts and analyzed in the same 
manner, with comparison to controls. This may be 
beneficial for the more severe grades of stenosis, in 
which excellent cartilaginous support is required. The 
“remodeling” of the original cartilage by necrosis, 
resorption, and neochondrification may not result in 
the ideal graft configuration for the more advanced 
grades of stenosis. Certain growth factors may alter 
this process. In addition, aerosolized steroids may 
retard the inflammatory response and decrease granu- 
lation tissue formation on the luminal surface. An 
analysis of these manipulations is important for fu- 


Fig 6. Substantial areas of neochondri- 
fication (A) on extraluminal surface of 
original graft (B). Note “remodeled” 
shape and configuration of cartilage 
graft. 


ture clinical work in pediatric airway reconstruction. 


SUMMARY 


This study demonstrated the sequential histologic 
events of graft healing. Graft healing in LTR is both 
a rapid and dynamic process. Epithelialization was 
complete in 21 days. Dramatic changes in the carti- 
lage graft, such as resorption and neochondrification, 
started early and evolved rapidly over time. Eventual- 
ly, most of the resorbed cartilage was replaced with 
new cartilage. These changes resulted in a progres- 
sive “remodeling” of the configuration of the origi- 
nal cartilage graft. Wound healing problems included 
inflammatory granulation tissue on the luminal sur- 
face of the graft that resulted in a greater degree of 
cartilage necrosis and resorption. However, in most 
cases there was near-perfect graft healing and com- 
plete epithelialization by 3 weeks. In addition, all 
the grafts were stable in the airway, without a stent 
or endotracheal tube. The sequential histologic model 
of graft healing will serve as a control model for fu- 
ture experimental studies. 
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Deficits of the lower cranial nerves (nerves IX, X, XI, and XII) occurring after treatment of skull base tumors may cause 
disabling swallowing disorders. To assess the mechanisms of swallowing disorders involved in such cases, we performed functional 
examinations: a videoendoscopic swallowing study and simultaneous manometry and videofluoroscopy in 7 patients. This study 
shows that the main mechanism of the swallowing disorders was a disturbance of the pharyngeal stage, including a decrease of 
pharyngeal propulsion, reduced laryngeal closure, and cricopharyngeal dysfunction, which led to aspiration. Decreased pharyngeal 
propulsion was found in 6 patients, with a very high correlation between fiberoscopy and simultaneous manometry-fluoroscopy. The 
responsibility of the upper esophageal sphincter in swallowing disorders was more difficult to assess. The role of the upper esoph- 
ageal sphincter and pharyngeal propulsion in the onset of the problem is discussed in regard to the cricopharyngeal myotomy. 


KEY WORDS — aspiration, cranial nerves, fluoroscopy, manometry, pharyngeal propulsion, swallowing disorders, upper esoph- 


ageal sphincter, videoendoscopic swallowing study. 


INTRODUCTION 


The coordinated action of the muscles involved 
in swallowing is controlled by sensory and motor 
innervations provided from the trigeminal (V), fa- 
cial (VID, glossopharyngeal (IX), vagus (X), spinal 
(XI), and hypoglossal (XII) cranial nerves.! The se- 
quence of events of normal deglutition is well known 
and provides helpful guidelines in studying swallow- 
ing disorders.2 However, the nature of swallowing 
dysfunction remains difficult to assess in some neu- 
rologic conditions, since both oral and pharyngola- 
ryngoesophageal stages of the swallowing process 
may be impaired simultaneously, creating complex 
disorders. Paralyses of the lower cranial nerves are 
observed in various conditions such as skull base 
tumors and surgical traumas.3-5 


Functional assessment of swallowing has evolved 
during the last 10 years with the use of videofluo- 
roscopy, manometry of the pharynx and upper esoph- 
ageal sphincter (UES), and videoendoscopic swal- 
lowing study (VESS).&!! The classic neurologic fea- 
tures of cranial nerve paralysis are well described. 
However, the swallowing functions observed through 
fiberoscopy, manometry, and videofluoroscopy have 
not been well described in patients with neurogenic 
dysphagia. The impairment of the UES in cranial 
nerve paralysis is of special therapeutic interest. 


The purpose of this study was to assess which 
mechanisms are involved in neurogenic swallowing 
disorders caused by deficits in cranial nerves IX, X, 
XI, and XII. The role of the UES and pharyngeal 
propulsion is studied in these conditions, and the pos- 
sible benefit of cricopharyngeal myotomy is dis- 
cussed. 


PATIENTS AND METHODS 


Seven patients were included in this study. Five 
patients were female and 2 patients were male. The 
patients ranged in age from 19 to 75 years, with a 
mean age of 50.6 years. Patients were referred to 
our institution for swallowing disorders from De- 
cember 1994 through October 1995. Swallowing dis- 
orders were related to a paralysis of cranial nerves 
IX, X, XI, and/or XII. Paralysis resulted from the 
removal of skull base tumors in 4 cases (tympani- 
cum-jugulare paragangliomata, posterior fossa neu- 
roma, cerebellopontine angle neuroma and meningi- 
oma), from skull base tumors that had been irradi- 
ated in 2 cases (cerebellopontine angle neuroma, na- 
sopharyngeal cancer), and from a bypass operation 
of the cervical carotid artery in 1 case (Table 1). None 
of these patients had symptoms of dysphagia before 
their treatment. The time between cranial nerve defi- 
cit and evaluation varied from 1 month to 4 years 
(median 18.1 months). One patient was subjected to 
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TABLE 1. CAUSES AND TREATMENT OF PARALYSES 














OF CRANIAL NERVES 
Case Age 
No. y) Disease Treatment 
1 19 Tympanicum-jugulare Surgery 
paragangliomata 
2 30 Nasopharyngeal cancer Radiotherapy 
3 41 Posterior fossa neuroma Surgery 
4 75 Cerebellopontine angle Radiotherapy 
neuroma 
5 64 Thrombosis of cervical Surgery 
carotid artery 
6 68 Cerebellopontine angle Surgery 
meningioma 
7 57 Cerebellopontine angle Surgery of tumor 
neuroma and cricopharyngeal 


myotomy 





surgical treatment (cricopharyngeal myotomy) prior 
to this evaluation (case 7). The clinical examinations, 
VESS, and follow-up were performed by the senior 
author (J.L.S.G.). 


Symptoms, including dysphonia, dyspnea, dys- 
phagia, blockage, multiple attempts to swallow each 
bolus, signs of aspiration, choking, and nasopharyn- 
geal reflux, were recorded. Clinical examinations 
studied the lips, tongue, palate, larynx, and pharynx 
‘at rest and when swallowing. Motor functions and 
sensations were noted, as well as laryngeal eleva- 
tion on voluntary swallowing of saliva. 


Functional assessment of deglutition was per- 
formed on all patients and included 1) an examina- 
tion during swallowing of dry and cream swallows 
by flexible fiberoptic laryngoscopy (Olympus ENF 
P3 or Machida ENT 3L) with videorecording (VESS), 
and 2) a simultaneous pharyngeal-UES manometry 
and videofluoroscopy performed by separate investi- 
gators (V.H. and S.C.). 


The protocol for VESS has been previously de- 
scribed.8:!0.11 Manometric analysis was carried out 
in all patients with a solid-state sleeve catheter (Ko- 
nigsberg Instruments Inc, Pasadena, Calif), as de- 
scribed by Castell and Castell® in 1993. The circum- 


ferential transducer had a pressure rise rate of >2,000 
mm Hg/s. Three transducers were located 3, 6, and 
9 cm above the UES. The protocol for the videofluo- 
roscopic study was based on modified barium swal- 
low study.!2 Patients swallowed a radiopaque liquid 
(2 to 20 mL) or radiopaque paste, and/or cookies 
coated with barium. The images obtained in the lat- 
eral and posteroanterior positions were simultane- 
ously observed with the manometric recording, by 
means of a computerized system. The manofluoro- 
scopic recording was evaluated after 10 dry swal- 
lows. 


The following features were recorded at the time 
of VESS and/or at simultaneous manometry and vid- 
eofluoroscopy (Tables 2-4): 1) motor cranial nerve 
dysfunctions and laryngeal sensation (normal or de- 
creased); 2) pharyngeal function, including initia- 
tion, propulsion, laryngeal elevation, and closure, and 
the coordination between pharyngeal propulsion and 
UES relaxation (normal or decreased); 3) pooling of 
saliva or cream, nasal reflux, and/or aspiration (ab- 
sent or present); 4) UES manometric pressure at rest 
and UES relaxation, as well as UES opening at fluo- 
roscopy (normal or decreased). 


Laryngeal sensation was tested by touching the 
larynx with the tip of the flexible fiberoptic laryngo- 
scope. It was considered normal when it induced a 
gag response, and decreased when the stimulus in- 
duced a delayed or no gag response. Initiation of 
swallowing during VESS!! was considered normal 
when the tongue action, as it propelled the bolus 
backward, triggered a pharyngeal swallow. A de- 
creased initiation during VESS was characterized by 
a loss of the bolus into the pharynx before the pha- 
ryngeal swallow was elicited. Laryngeal closure dur- 
ing VESS8 was considered normal when, during pho- 
nation, dry swallow, or cough, no glottic chink be- 
tween the vocal folds was observed (Table 2). 


Pharyngeal propulsion was considered normal 
when peristaltic waves in the pharyngeal constric- 
tors propelled the entire cream bolus (laryngophar- 


TABLE 2. RESULTS OF CLINICAL AND FIBEROSCOPY EXAMINATIONS 



































Time From 
Nerve Cranial Swallowing Larynx 

Case Deficit to Nerves Laryngeal Feeding Initiation at Closure at 
No. Examination Impaired Sensation Regimen Fiberoscopy Fiberoscopy 

i 2 mo VI, IX, X, XI, XI Normal Normal Normal Decreased 

2 4y IX, X, XI, XII Decreased Selective Decreased Normal 

3 7 mo IX, X, XI, XII Decreased Blended Normal Decreased 

4 2 mo X Normal Normal Normal Decreased 

5 1 mo X Normal Selective Normal Normal 

6 19 mo IX, X Normal Gastrostomy tube Decreased Decreased 

7 4y IX, X, XI, XII Normal Blended Decreased Decreased 
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TABLE 3. RESULTS OF FIBEROSCOPY AND SIMULTANEOUS MANOMETRY AND VIDEOFLUOROSCOPY 























Case ‘Cranial Nerves Pharyngeal Larynx Nasal 
No. Impaired Propulsion Elevation Stasis Reflux Aspiration 
I VI, IX, X, XI, XII Decreased Normal + + - 
Decreased Normal + - — 
2 IX, X, XI, XH Decreased Normal + — + 
; Decreased Normal + ~ - 
3 IX, X, XI, XII Decreased Normal + + + 
Decreased Normal + - — 
4 X Normal Normal - - + 
Normal Decreased - + - 
5 X Decreased Normal + - + 
Decreased Decreased + ~ + 
6 IX, X Aperistalsis Decreased + _ + 
Aperistalsis Decreased + - + 
7 Ix, X, XI, XII Aperistalsis Normal + - - 
Aperistalsis Decreased + ~- - 


Top rows are results of fiberoscopy; bottom rows are results of simultaneous manometry and videofluoroscopy. 


+ — present; — — absent. 





ynx closure temporarily obscured any view) and 
cleared the pharyngeal residue (ie, generation of pres- 
sures within the pharynx, and visualization of effec- 
tive peristaltic waves that transport the bolus with 
no pharyngeal pooling of contrast material on mano- 
fluoroscopy). Decreased pharyngeal propulsion was 
noted when residual pharyngeal propulsion and de- 
creased pharyngeal clearance were observed, result- 
ing in moderate pharyngeal pooling (ie, decreased 
pharyngeal pressures, some pharyngeal waves, and 
moderate pharyngeal pooling of contrast material on 
manofluoroscopy). Aperistalsis was noted when very 
slight pharyngeal contractions or no peristalsis was 
observed (the laryngopharynx remained visible dur- 
ing the pharyngeal swallow), resulting in marked 
pooling of food materials in the pharynx (ie, no gen- 
eration of pharyngeal pressure, no pharyngeal con- 
tractions, and markedly pooled contrast material on 
manofluoroscopy). Laryngeal elevation was recorded 
as normal when the larynx moved toward the base 
of the tongue during swallowing (positioning the fi- 
beroscope just above the palate, ie, anterior eleva- 
tion of hyoid bone and larynx toward the base of the 


tongue on fluoroscopy). Stasis was defined as the 
pooling of saliva, cream, or contrast material in the 
oral cavity, valleculae, epilarynx, pharynx, or pyri- 
form fossae on fiberoscopy and fluoroscopy. Nasal 
reflux was considered present when reflux of saliva, 
food substances, or contrast material was observed 
at the level of the palate on fiberoscopy and fluoros- 
copy. Aspiration was noted to be present when sa- 
liva, cream, or contrast material penetrated below 
the level of the vocal cords on fiberoscopy and fluo- 
roscopy (Table 3). 


Coordination was considered normal when the 
beginning, peak, and end of pharyngeal contraction 
were synchronous with the beginning, nadir, and end 
of UES relaxation. The UES relaxation was con- 
sidered normal when it was consistently complete 
(UES resting pressure decreasing by more than 80%). 
Decreased UES relaxation was noted to indicate in- 
complete or shortened UES relaxation. The UES 
opening was considered normal when it was com- 
plete and synchronous with pharyngeal bolus trans- 
port. It was considered decreased when it was de- 


TABLE 4. COORDINATION BETWEEN PHARYNGEAL PROPULSION AND UES RELAXATION, AND UES FUNCTION 
AT SIMULTANEOUS MANOMETRY AND VIDEOFLUOROSCOPY 











Case Cranial Nerves Coordination UES Pressure at UES Relaxation UES Opening 
No. Impaired on Manometry Rest on Manometry on Manometry on Fluoroscopy 

1 VII, IX, X, XI, XII Normal Normal Normal Normal 

2 IX, X, XI, XII Normal Normal Normal Decreased 

3 IX, X, XI, XII Decreased Normal Decreased Decreased 

4 X Decreased Normal Normal Decreased 

5 X Decreased Normal Decreased Decreased 

6 IX, X Decreased Normal Normal Decreased 

7 IX, X, XI, XH Normal Decreased Normal Normal 


UES — upper esophageal sphincter. 
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layed or reduced, or when the closure was early (Ta- 
ble 4). 


The consequences of swallowing disorders were 
evaluated by 1) the type of feeding, whether oral (nor- 
mal, blended, or selective diet) or by gastrostomy 
feeding tube; 2) weight loss; and 3) occurrence of 
fever and/or pneumonia from aspiration. 


RESULTS 


Neurologic and otolaryngological examinations 
showed that the dysfunctions of swallowing were 
related to a partial or complete paralysis of unilat- 
eral lower cranial nerves IX, X, XI, and/or XII. Pa- 
ralyses of nerve X, nerves IX and X, and nerves IX, 
X, XI, and XII were observed in 2, 1, and 4 patients, 
respectively (Table 2). 


Symptoms included dysphonia (6 patients), nasal 
voice (3 patients), blockage (2 patients), aspiration 
(4 patients), and nasal regurgitation of liquids (2 pa- 
tients). 


The tongue was paralyzed and deviated toward 
the side of paralysis in 3 patients, and in 1 patient, 
tongue weakness was noted. The soft palate was 
paralyzed in 5 patients. Paralysis of the posterior pha- 
ryngeal wall was observed in 6 patients. The vocal 
fold was fixed in an intermediate or paramedian po- 
sition in 6 patients. Mobility of the vocal fold was 
normal in 1 patient, but the motion of its arytenoid 
was decreased (case 5). The pyriform fossa was 
opened in 5 patients, and the hypopharynx showed 
pooling of saliva in 6 patients. 


Analysis of the deglutition of dry and cream swal- 
lows by VESS (Tables 2 and 3) showed diminished 
laryngeal sensation in 2 patients, a delay of elicitation 
of the pharyngeal swallow in 3 patients, and incom- 
plete laryngeal closure in 5 cases. A decrease of pha- 
ryngeal propulsion was observed in 6 patients (in- 
cluding 2 cases of aperistaltic pharynx), and a defi- 
cit of laryngeal elevation in 1 patient. Food stasis in 
the hypopharynx and/or in the epilarynx was noted 
in 6 patients. Nasopharyngeal regurgitation was 
found in 2 cases. Aspiration was observed in 5 pa- 
tients. 


Simultaneous manometry and fluoroscopy (Tables 
3 and 4) showed a decrease of pharyngeal propul- 
sion in 4 patients and aperistalsis in 2 patients. Sta- 
sis in the hypopharynx and/or in the epilarynx was 
seen in 6 patients, and in 1, a small diverticulum was 
observed. Minor nasal reflux was observed in 1 pa- 
tient. Aspiration was noted in 2 patients. Synchroni- 
zation between pharyngeal waves and UES relax- 
ation was observed in 3 patients, whereas incoordi- 
nation was recorded in the others. The UES basal 


pressuré was normal in 6 patients and diminished in 
1 other.(case 7). Completeness of UES relaxation 
was preserved in 5 patients at manometry, but in 3 
of them, UES opening was altered at fluoroscopy 
(reduced or delayed relaxation, or early closure). 


Two patients had weight loss (3 kg in case 5, and 
6 kg in case 7). Aspiration pneumonia occurred in 1 
patient (case 7), and 1 patient had fever episodes after 
attempts at oral feeding (case 6). Two patients were 
able to eat a normal oral diet, 1 patient had a gastros- 
tomy, and 4 patients required a blended or selective 
regimen. 


DISCUSSION 


The neural control of swallowing is complex, in- 
volving peripheral afferent inputs, the brain stem net- 
work, inputs from higher cortical and subcortical cen- 
ters, and activation of muscles innervated by cranial 
nerves V, VII, IX, X, XI, and XII. In this study we 
specifically studied the effects of impairment of the 
lower cranial nerves on swallowing, without corti- 
cal or brain stem network lesions. 


Complete excision of larger tumors of the skull 
base increases the risk of paralysis of multiple basal 
cranial nerves with resultant dysphagia and aspira- 
tion.3413 Cranial nerve damage may be the result of 
nerve sectioning, nerve traction, or hemostasis, or 
may be inherent to the disease.> Cranial nerve dam- 
age may also occur after radiotherapy, although the 
long-term outcome remains to be studied.!3 


The clinical and functional results of swallowing 
were different from one patient to another because 
of various causes of paralysis, ages, and times be- 
tween nerve dysfunction (partial or complete nerve 
paralysis) and evaluation. All the patients had at least 
a unilateral paralysis of cranial nerve X. To evaluate 
the mechanisms of swallowing disorders, different — 
examinations were used. 


The VESS provides good evaluation of dysphagic 
patients, although interpretation of descriptive find- 
ings is highly subjective. However, VESS cannot as- 
sess UES function or coordination of swallowing, 
which are studied by videofluoroscopy and manom- 
etry.!! In particular, evaluation of UES function is 
useful when hypopharyngeal residue or aspiration 
after swallowing is observed at VESS, since these 
manifestations are not related to a specific deficit. 
(They may be related to a UES dysfunction or de- 
creased pharyngeal propulsion.) Simultaneous ma- 
nometry and videofluoroscopy has the advantage of 
measuring different parameters of swallowing at the 
same time (pharyngeal propulsion and clearance 
forces, completeness of UES relaxation, and dura- 
tion of UES opening). 
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Although the number of patients is small, this 
study shows that the main mechanism of swallow- 
ing disorders observed during functional examina- 
tions was a disturbance of the pharyngeal stage, in- 
cluding a decrease of pharyngeal propulsion, reduced 
laryngeal closure, and cricopharyngeal dysfunction. 
Disruption in the triggering of the pharyngeal swal- 
low was less frequent. (Three patients had a delay 
of pharyngeal initiation.) 


The main feature observed was a decrease of pha- 
ryngeal propulsion, including aperistalsis in 2 cases. 
In these 2 patients, a delay of swallow initiation was 
also observed, which could increase the severity of 
the disorders. We found a very good correlation be- 
tween the results of VESS and those of simultaneous 
manometry-fluoroscopy in evaluating pharyngeal 
propulsion. In 2 patients in whom pharyngeal pro- 
pulsion was highly disturbed or absent at the time of 
VESS, aperistalsis was found at simultaneous ma- 
nometry-fluoroscopy. The consequence of such dis- 
turbed propulsion could be the impaired coordina- 
tion observed between pharyngeal propulsion and 
UES relaxation. 


Laryngeal paralysis with inability to approximate 
the vocal folds disturbs voice production and air- 
way protection.'4 Since aspiration was observed ei- 
ther with or without the ability of the larynx to close 
the upper airway, swallowing disorders in cases of 
paralysis of cranial nerve X could be due to impair- 
ment of the denervated arytenoid, as well as impair- 
ment of the pharynx. In contrast, the sensory la- 
ryngeal function was preserved in most of the pa- 
tients, partly because the deficit was unilateral.!® 
However, the method of sensory testing used was 
not quantitative. 


The responsibility of the UES in swallowing dis- 
orders was more difficult to analyze. Discrepancies 
between manometry and fluoroscopy may be due to 
their examining different aspects of UES function.!7 
Unlike manometry, videofluoroscopy analyzes UES 
opening. Dysfunction of UES opening may result 
either from decreased distending forces transmitted 
by the bolus (such as decreased pharyngeal propul- 
sion), from incoordination between pharyngeal pro- 
pulsion and UES relaxation, or from higher resis- 
tance to flow across the sphincter.!8-20 In cranial 
nerve X paralysis, primary dysfunction of the UES 
may be due to impaired passive compliance, since 
UES innervation is provided by the pharyngeal plex- 
us and by the recurrent laryngeal nerve, which are 
impaired in cases of lower cranial nerve paralysis.?! 


Aspiration was one of the major severe conse- 
quences of the swallowing deficits. In this study, 
more aspiration was observed during VESS than dur- 


ing videofluoroscopy. The investigators of manom- 
etry and fluoroscopy explained these inconsistencies 
by the fact that they stopped ingestion of barium as 
soon as aspiration was observed and sometimes sus- 
pected, in order to decrease risks of severe penetra- 
tion-aspiration. In addition, examinations were not 
carried out at the same time, and patients do not nec- 
essarily aspirate during each swallow.?2 


In this study, decreased pharyngeal propulsion, in- 
complete laryngeal closure, and UES impairment 
were the major deficits that kept patients from eat- 
ing anormal diet. Decreased pharyngeal propulsion, 
especially an aperistaltic pharynx, seems to be the 
major deficit in cases 2, 6, and 7. In addition, the 
decreased laryngeal closure increased their swallow- 
ing disorders. One of them required a gastrostomy. 
Cricopharyngeal myotomy was not sufficient to re- 
lieve dysphagia in the patient who had pharyngeal 
aperistalsis (case 7). Aspiration after swallowing pro- 
voked by pooling of pharyngeal residues due to dis- 
turbed UES function and decreased pharyngeal pro- 
pulsion obliged patient 5 to have a selective diet. 
The responsibility of a specific deficit in the swal- 
lowing disorder could not be determined in case 3, 
since many deficits were associated. Two patients 
(cases 1 and 4) were able to eat a normal diet. In 
case 1, normal UES function, absence of aspiration, 
and possibly her young age were favorable to a near- 
normal diet 2 months after surgery, in spite of mul- 
tiple cranial nerve deficits. In case 4, compensatory 
postural techniques were effective in eliminating as- 
piration due to reduced laryngeal closure. 


Cricopharyngeal myotomy may improve impair- 
ment of the swallowing process localized to the pha- 
ryngolaryngoesophageal stage.?3 The aim of myot- 
omy is to open the UES, and success is correlated 
with adequate residual propulsion.*4 Cricopharyn- 
geal myotomy may be proposed in patients with per- 
sisting disabling symptoms, but aperistalsis is a con- 
traindication (cases 6 and 7). Myotomy could have 
helped patient 5 (decreased pharyngeal propulsion 
without aperistalsis, UES dysfunction), but he was 
able to eat a normal diet a few months later, as were 
patients 1 and 4. In patient 2, the impairment of ini- 
tiation and the moderate UES dysfunction were not 
favorable to a myotomy, although residual pharyn- 


- geal propulsion was found during examinations. The 


procedure was suggested for patient 3 (residual pha- 
ryngeal propulsion, decreased UES relaxation), but 
the patient refused the surgery. 


The use of several functional examinations (VESS, 
fluoroscopy, and manometry) of swallowing may be 
helpful in assessing deficits of swallowing caused 
by paralysis of the lower cranial nerves, since each 
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procedure may provide additional information about 
the swallowing function. Dysfunctions of pharyn- 
geal propulsion, laryngeal closure, and/or UES func- 
tion have to be investigated in such patients to select 
the appropriate management. The responsibility of 


these disturbed mechanisms needs to be assessed in 
a larget series. It is hoped that further advances in 
functional assessment of swallowing will allow for 
better identification of deficits and will be a useful 
guide for treatment. 
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Previously, we demonstrated that patients with adductor spasmodic dysphonia (ADSD) have a disinhibition of laryngeal re- 
sponses to sensory input. In this study, sensorimotor responses to stimulation of the superior laryngeal nerve were compared be- 
tween 10 subjects with abductor spasmodic dysphonia (ABSD) and 15 normal volunteers. The groups had similar latency and 
frequency characteristics of their unconditioned adductor responses (p > .05). The conditioned.R1 (early) responses of the subjects 
with ABSD were greater and more variable in amplitude than those of the normal volunteers (p < .008). Similar R2 (late) condition- 
ing effects were found in both groups, with a nonsignificant trend toward reduced inhibition of contralateral R2 responses at lower 
interstimulus intervals (p = .01) in the patient group. Thus, inhibitory mechanisms that modulate the R1 laryngeal sensorimotor 
pathway in the brain stem may be abnormal in subjects with ABSD. Abnormal modulation of laryngeal sensorimotor responses 


seems present in both types of spasmodic dysphonia. 


KEY WORDS — abductor spasmodic dysphonia, electromyography, laryngeal long latency response. 


INTRODUCTION 

Spasmodic dysphonia is an idiopathic voice dis- 
order characterized by an impaired ability to control 
volitional and highly skilled movements of the vo- 
cal folds.! Two types of this disorder are known. The 
most common type is adductor spasmodic dyspho- 
nia (ADSD), in which hyperadduction of the vocal 
folds produces phonatory breaks during vowels.” 
These movements are associated with spasmodic 
bursts of the thyroarytenoid (TA) muscles. A less 
common type is abductor spasmodic dysphonia 
(ABSD), which is characterized by breathy breaks 
due to prolonged voiceless consonants. These pa- 
tients are slow to close the vocal folds for vowels 
following voiceless consonants. It is not known 
whether ABSD is caused by a lack of adductor mus- 
cle activation for vocal fold closure, or by hyperac- 
tivity in the abductor muscles opposing closing.* A 
variety of abnormalities in laryngeal muscle activ- 
ity have been reported clinically, including cricothy- 
roid (CT) and posterior cricoarytenoid (PCA) muscle 
bursts and/or altered TA muscle activity.5-6 


Blink reflex response conditioning can be used to 
examine the effects of inhibitory interneurons on re- 
flex responses.”.8 The first afferent stimulus elicits 


the initial motor response while simultaneously excit- 
ing inhibitory interneurons, which then modify re- 
sponses to subsequent stimuli.’ By reducing the dura- 
tion between the initial, “unconditioned” stimulus 
and the second, “conditioned” stimulus, the dura- 
tion of the effect of the inhibitory interneurons can 
be quantified.’ Several studies have found that blink 
reflex conditioning is abnormal in persons with fo- 
cal dystonias such as oral mandibular dystonia, tor- 
ticollis, and spasmodic dysphonia.®!° In addition, 
spinal reflex conditioning abnormalities have been 
found in focal dystonias, suggesting that other inhib- 
itory mechanisms are altered in such patients.!! 


We have characterized and studied 2 laryngeal 
long latency reflex responses to sensory stimulation 
in humans.!? An early response with a latency of 17 
milliseconds (ms) occurs in the ipsilateral TA muscle 
(referred to as R1), while later responses between 
60 and 75 ms (referred to as R2) occur in the ipsilater- 
al and contralateral TA muscles. Because laryngeal 
reflex conditioning had been demonstrated in the 
cat,!3-14 we studied laryngeal reflex conditioning in 
a group of subjects with ADSD and compared them 
with normal volunteers.!5 The patients’ uncondi- 
tioned R1 and R2 responses were normal in latency 
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and frequency characteristics, indicating that the pe- 
ripheral nerves and brain stem pathways for these 
responses were intact.!5 In the same study, pairs of 
electrical pulses were presented at interstimulus in- 
tervals (ISIs) varying from 100 to 5,000 ms. The sub- 
jects with ADSD had reduced response inhibition; 
their conditioned ipsilateral R1 response amplitudes 
and the frequency of their conditioned contralateral 
R2 responses were increased compared to normal. 
These findings suggest a central disinhibition of la- 
ryngeal responses to sensory input in ADSD. 


Whether ABSD is a disorder similar to ADSD is 
controversial.!6 The pathophysiology seems to vary 
a great deal more across individuals with ABSD than 
in individuals with ADSD.56 Botulinum toxin in- 
jection into the TA muscles has been found effective 
in almost all patients with ADSD and is the treat- 
ment of choice for that disorder.!7-22 This treatment 
is much less effective, however, in patients with 
ABSD,?”? and a variety of muscles have been injected 
with much more variable results.>:24 


Patients with ADSD have spasmodic activity in 
the TA muscle, and this is the muscle involved in the 
laryngeal adductor response. Patients with ABSD do 
not consistently have TA muscle bursts; rather, clini- 
cal reports have suggested that either the CT or the 
PCA muscle may have spasmodic activity. In some 
cases, the abnormality may not be excessive spas- 
modic activity, but rather, a reduction in adductor 
TA activity coincident with the voiceless break. The 
purpose of this investigation was to examine sub- 
jects with ABSD to determine whether they have ad- 
ductor laryngeal response conditioning abnormalities 
similar to those previously found in patients with 
ADSD. Because of their different clinical character- 
istics, patients with ABSD could be expected to have 
adductor laryngeal response characteristics different 
from those in patients with ADSD. 


METHODS 


Subjects. Ten subjects with ABSD and 15 normal 
volunteers were selected for study following in- 
formed consent. The data from 11 of the 15 normal 
volunteers were from our previous study comparing 
subjects with ADSD and normal volunteers on laryn- 
geal adductor response conditioning.!5 


To select persons with ABSD alone, and to ensure 
that none of the subjects exhibited signs of a “mixed” 
spasmodic dysphonia with both ADSD and ABSD, 
the following criteria were used. First, subjects were 
examined with fiberoptic nasolaryngoscopy. They 
received the diagnosis of ABSD if they exhibited 
prolonged vocal fold opening during voiceless conso- 
nants such as /s/, /h/, /f/, /p/, /t/, /k/, and “th,” and 


difficulty initiating vocal fold closure for vowels fol- 
lowing these voiceless consonants. None had signs 
or symptoms of ADSD; that is, they were without 
vocal fold hyperadductions during vowels in sen- 
tences or during prolonged glottal stops in sentenc- 
es such as “We eat eels every day.” 


Second, subjects were examined with a prerecord- 
ed set of instructions to sample speech items known 
to elicit speech symptoms typical of ABSD: the repe- 
tition of sentences with voiceless consonants, such 
as “The puppy bit the tape” and “When he comes 
home we’ll feed him.” In addition, subjects repeated 
sentences with glottal stops and continuous voicing, 
such as “We mow our lawn all year,” known to elicit 
symptoms of ADSD. Patients with ABSD had fre- 
quent prolongation of voiceless consonants (/p/, /t/, 
/h/, /k/, IED in the first 2 sentences above, and no 
difficulty or symptoms on sentences with glottal 
stops and continuous voicing, such as the third sen- 
tence above. 


Diagnostic agreement was required from an oto- 
laryngologist and a speech pathologist with exten- 
sive experience in spasmodic dysphonia that the per- 
son’s symptoms were commensurate with ABSD and 
not with those of any other voice disorder. The sub- 
jects were without other neurologic, psychiatric, 
movement, or speech disorders, and none had previ- 
ously been treated with botulinum toxin injection. 
The normal volunteers were examined by an oto- 
laryngologist and found to have normal laryngeal 
structure and function, and were without any cur- 
rent or past history of speech, voice, neurologic, or 
psychiatric disorders. There were 7 men in the nor- 
mal volunteer group and 2 men in the patient group. 
The mean age of the normal volunteers was 33.1 
years (range 22 to 53 years of age); the mean age of 
the subjects with ABSD was 35.9 years (range 32 to 
40 years of age). 


Procedures. Informed consent for agreement to 
participate in this study was obtained following the 
procedures approved by a National Institutes of 
Health Internal Review Committee. Subjects were 
placed in a supine position with the neck extended. 
After a ground electrode was attached, bipolar elec- 
tromyography (EMG) needle electrodes were used 
to locate the laryngeal muscles by means of stan- 
dard techniques.?5.26 Bipolar hooked wires placed 
within 27-gauge 37.5-mm needles were inserted into 
the TA muscles. Verification gestures for the right 
and left TA muscles consisted of increased activa- 
tion during phonation and effort closure of the glot- 
tis without prominent onset and offset bursts indica- 
tive of lateral cricoarytenoid muscle placement. Once 
the correct location was achieved, the needles were 
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Fig 1. Examples of R1 and R2 laryngeal responses seen in ipsilateral thyroarytenoid muscles both in response to initial 
stimulation of superior laryngeal nerve (unconditioned response; UCR) and following second conditioned stimulus 
500 ms later (conditioned response; CR). Three sets of sequential pairs of UCR and CR responses are shown for both 
normal volunteer and patient with abductor spasmodic dysphonia. 


removed and the hooked wires remained in place 
during the study. Peak-to-peak 2-V sawtooth calibra- 
tion signals were recorded for each EMG channel. 
The 2 EMG channels were bandpass-filtered between 
100 and 5,000 Hz and recorded along with the stimu- 
lus trigger on a TEAC multiple-channel VHS FM 
recorder at 15 in/s. 


After electrode placement, the room lighting was 
dimmed and the noise was minimized for 5 minutes 
to allow the subject to relax prior to recording muscle 
activity during quiet respiration. For stimulation of 
the right internal superior laryngeal nerve (SLN), 2 
pairs of hooked wire electrodes were inserted on ei- 
ther side of the SLN proximal to its penetration 
through the thyrohyoid membrane.!? The rostral, 
anode electrode and the caudal, cathode electrode 
were usually 0.5 to 1.5 cm apart and 1.0 to 3.5 cm in 
depth, depending on the subject’s neck dimensions. 
A third hooked wire electrode was placed close to 
the midline of the superior border of the thyroid car- 
tilage, between the stimulation and the EMG record- 
ing electrodes, to reduce stimulus artifact. A DISA 
15E07 current stimulator was used to deliver 1-ms 
rectangular current pulses covering a range of stimu- 
lation amplitudes from 0 to 6 mA. Starting at 0 mA, 
the current level was increased until the R1 response 
in the ipsilateral TA muscle no longer increased, that 
is, had reached supramaximal response levels. In 
some instances, the highest level that could be toler- 
ated by the subject was selected if it was not certain 
that the supramaximal level was reached. The stimu- 
lus range was between 3 and 6 mA. Once the R1 
response was elicited, 6 sets of stimulus pairs were 
presented at each of the following ISIs: 5 seconds, 2 
seconds, 1 second, 500 ms, and 250 ms. In some 
preliminary, as yet unpublished work, we have found 


that TA muscle responses to stimulation of the inter- 
nal branch of the SLN can vary, with responses be- 
ing enhanced during inspiration over expiration. To 
control for these possible effects of the respiratory 
cycle on response amplitude, 3 of each set were ini- 
tiated during inspiration, and 3 during expiration, at 
each ISI in all subjects. 


Signal Analyses. The trigger, muscle, and calibra- 
tion signals were digitized off-line at 5,000 samples 
per second with anti-aliasing low-pass filtering at 
2,000 Hz. Linear interpolation from the calibration 
signals was used to convert the signals into volts. To 
correct for DC offset, nonrectified data were aver- 
aged for each EMG channel over 20 seconds of quiet 
respiration, and the averages were subtracted from 
the EMG signal for that channel. Next, the signals 
were rectified, and the minimum activation levels 
during quiet respiration were measured between mo- 
tor unit firings for each EMG channel. This value 
was then subtracted from the respective signal to ex- 
tract impedance noise. 


Visual inspection identified muscle responses in 
the ipsilateral and contralateral TA EMG signals 
within 200 ms after each trigger (Fig 1). Response 
onset was identified at the initial deflection of the 
EMG response after the stimulus artifact had returned 
to baseline. Response offset was marked when the 
EMG signal returned to baseline and remained there 
for several milliseconds. To measure the mean 
amount of muscle activity in the absence of stimula- 
tion (baseline mean), the mean activity in microvolts 
was computed from a 20-ms window immediately 
prior to each stimulation trigger in each TA muscle. 


Automated signal-processing algorithms were em- 
ployed to perform the following measures with the 
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TABLE 1, MEAN LATENCIES FOR UNCONDITIONED 
R1 AND R2 RESPONSES IN NORMAL VOLUNTEERS 
AND ABDUCTOR SPASMODIC DYSPHONIA PATIENTS 


Normal 
ABSD Volunteers 














Response Side Mean SD Mean SD p* 
RI Ipsilateral 15.6 1.1 161 29 .65 
R2 Ipsilateral 61.8 9.0 620 77 .96 
R2 Contralateral 66.8 6.1 69.4 10.5 .57 


Data are in milliseconds. 
*Significance level given by t-tests. 





onsets and offsets labeled for each R1 and R2 re- 
sponse: 1) response latency, 2) response duration, 
and 3) sum of the muscle response (in microvolts). 
For subtracting the baseline activity levels in the mus- 
cle prior to stimulation from the sum of the muscle 
response, the following formula was used: response 
residual = [the sum (uV) contained in a response] — 
[baseline mean (UV) x response duration (s) x samp- 
ling rate (5,000)]. When the resulting response resid- 
ual was negative or zero, the response was not in- 
cluded in the data, and a “no response” was recorded. 


Both response residuals and the frequency of re- 
sponses were computed to examine the effects of re- 
sponse conditioning. To measure conditioned re- 
sponse residuals, the residual of the second condi- 
tioned response was divided by the residual of the 
first unconditioned response and multiplied by 100. 
This measure was referred to as the percent of the 
unconditioned response. The means of the percents 
of the unconditioned responses were computed for 
each set of 6 pairs of responses for each subject at 
ISIs of 100, 250, 500, 750, 1,000, 2,000, and 5,000 
ms. To measure conditioned response frequency, the 
percents of the 6 trials containing responses to the 
second stimulus were computed for each ISI for each 
subject. Thus, 6 measures of response conditioning 
were derived at each ISI for each subject: the mean 
of the percents of the 6 unconditioned responses for 
the conditioned R1, the ipsilateral R2, and the con- 
tralateral R2; and the percent occurrence of condi- 
tioned R1, ipsilateral R2, and contralateral R2 re- 
sponses. 


Statistical Analysis. For the initial unconditioned 
responses to the first stimulus, independent t-tests 
were used to compare group means of latencies for 
R1 responses and for ipsilateral and contralateral R2 
responses between normal volunteers and patients 
with ABSD. The percents of the 6 trials containing 
responses to the first stimulus at each ISI were com- 
puted for each subject. The mean group frequencies 
were then compared for the unconditioned R1 and 
R2 responses with t-tests. 


Multifactorial analyses of variance (ANOVAs) 


TABLE 2. MEAN FREQUENCIES FOR 
UNCONDITIONED R1 AND R2 RESPONSES IN 
NORMAL VOLUNTEERS AND ABDUCTOR 
SPASMODIC DYSPHONIA PATIENTS 














Normal 
Response Side ABSD Volunteers p* 
R1 Ipsilateral 88.3% 98.9% .21 
R2 Ipsilateral 90.0% 76.7% .39 
R2 Contralateral 74.1% 46.7% .17 


Percents are of subjects with unconditioned response to first stimu- 
lus. 


*Significance level given by t-tests. 





were computed to compare the 2 groups — the group 

with ABSD and the normal volunteers —- on the mea- 

sures of conditioned response amplitude and frequen- 

cy. The factors included group effects, ISI effects 

for the 2 groups combined, subject effects nested 

within group, and group-by-ISI interaction effects 

to determine whether the 2 groups responded differ- 

ently across ISIs. The 6 measures of response condi- 

tioning (the percent of the unconditioned response 

amplitude and conditioned response frequency for- 
the ipsilateral R1 and ipsilateral and contralateral R2 

responses) were tested with the same multifactorial 

ANOVA design. A Bonferroni correction was used 

to adjust for 6 comparisons, and a 2-tailed p value of 
.008 (.05/6 = .008) was used for statistical signifi- 

cance. 


RESULTS 


For the initial unconditioned responses, the mean 
latencies (Table 1) and frequencies (Table 2) of the 
ipsilateral R1, ipsilateral R2, and contralateral R2 
responses were compared between the normal volun- 
teers and subjects with ABSD. No significant differ- 
ences were found (p > .05). For the conditioned re- 
sponses, the group mean response amplitudes (the 
mean percents of the unconditioned response) for 
the R1 and R2 responses are shown in Fig 2. Similar- 
ly, the mean group percent occurrence of conditioned 
responses for the ipsilateral R1 and the ipsilateral 
and contralateral R2 are shown in Fig 3. Results of 
the multifactorial ANOVAs examining group effects 
(subjects with ABSD versus normal volunteers), sub- 
ject effects within groups, ISI effects, and group-by- 
ISI interactions are provided in Table 3. We could 
not test subject within-group effects for the measure 
of response amplitude, because there were too few 
cases per cell in the multifactorial design. A signifi- 
cance criterion of p < .008 was used after a Bonfer- 
roni correction for multiple comparisons (.05/6 = 
.008). 


Significant group effects were found for the ipsilat- 
eral conditioned R1 response amplitude. Figure 2 
indicates that the subjects with ABSD had higher 
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Fig 2. Plots of group means and standard errors of conditioned responses (measured as percent of amplitude of uncon- 
ditioned preceding response) for patient group with abductor spasmodic dysphonia (ABSD) and normal volunteer 
group (controls) for ipsilateral R1, ipsilateral R2, and contralateral R2 thyroarytenoid muscle responses. 


means and larger standard errors at 250 and 1,000 
TSIs. Post hoc Mann-Whitney U tests comparing the 
group means at these 2 ISI levels were not signifi- 
cant (p > .05), most likely because of large within- 
group variance and the lower power of the nonpara- 
metric analyses.?” No significant group or group-by- 
ISI interactions were found for conditioned ipsilateral 
and contralateral R2 response amplitudes (Table 3 
and Fig 2). 


For the ipsilateral R1 conditioned response fre- 
quency, significant group differences and significant 
subject effects within groups were found, but no sig- 
nificant group-by-ISI interactions. Overall, the sub- 
jects with ABSD had fewer ipsilateral R1 conditioned 
responses (Table 3 and Fig 3). For both the ipsilater- 
al and contralateral conditioned R2 frequencies, sig- 
nificant subject effects and ISI effects were found, 
but no significant group effects or group-by-ISI in- 
teractions. The frequency of conditioned contralat- 
eral R2 responses tended to be greater in the sub- 
jects with ABSD relative to the normal volunteers 
(Fig 3). In fact, a nonsignificant group-by-ISI inter- 
action F value of 6.742 with a probability of .01 in- 
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dicated a trend for the subjects with ABSD to have 
less inhibition of contralateral R2 responses than the 
normal volunteers. This suggests that although the 2 
groups had similar conditioning effects, the patients 
had a tendency for reduced inhibition of their con- 
tralateral R2 responses in comparison with normal. 


Because of the significant subject effects, the indi- 
vidual subject data are plotted with the percent of 
the unconditioned response amplitude for the nor- 
mal volunteers and the persons with ABSD in the 
top half of Fig 4, and the percent occurrence of R2 
conditioned responses within each of the 2 groups is 
plotted in the bottom half of Fig 4. As can be seen, 
there are large individual subject differences, partic- 
ularly in the ABSD group. These differences among 
subjects were most marked in the ABSD group on 
the measure of the percent of the unconditioned re- 
sponse amplitude for the conditioned response in the 
top right half of Fig 4. Three of the 10 subjects with 
ABSD had values that were outside the normal range. 
On the measure of the percent occurrence of R2 con- 
ditioned responses, in the lower half of Fig 4, at ISIs 
of 500 or less, 4 of the 10 patients with ABSD had 
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Fig 3. Plots of group means and standard errors of percent occurrences of conditioned responses for patient group 
(ABSD) and normal volunteer group (controls) for ipsilateral R1 and ipsilateral and contralateral R2 responses. 
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TABLE 3. RESULTS OF MULTIFACTORIAL ANALYSES OF VARIANCE FOR MEASURES OF RESPONSE 
CONDITIONING BETWEEN ABDUCTOR SPASMODIC DYSPHONIA PATIENTS AND NORMAL VOLUNTEER 
GROUPS AT VARIOUS INTERSTIMULUS INTERVALS 




















Subjects Within- Group-by- 
Response Side Measure Group F Group F ISI F ISI F 
RI Ipsilateral % UCR 7.460* Tt 0.728 2.22 
R2 Ipsilateral % UCR 0.814 tT 7.73 0.59 
R2 Contralateral % UCR 0.078 tT 1.801 0.02 
Rl Ipsilateral % CR 25.25* 29.97* 0.001 0.414 
R2 Ipsilateral % CR 0.219 9,.433* 20.378* 1.475 
R2 Contralateral % CR 0.378 17.169* 27.067* 6.742 


ISI — interstimulus interval, % UCR — mean percent of unconditioned response amplitude; % CR — mean percent of conditioned responses. 


*p < .008, corrected significance level for multiple comparisons (.05/6 = .008). 
Could not test subject within-group effect because of too few cases per cell in multifactorial design. 











100% occurrence of conditioned R2 contralateral re- 
sponses, while only 2 of the 15 normal volunteers 
had 100% occurrence of conditioned contralateral 
R2 responses. 


DISCUSSION 


This study demonstrated that the unconditioned 
adductor responses of the individuals with ABSD 
did not differ from those of normal volunteers. Be- 
cause the latencies and frequencies of the uncondi- 
tioned R1 and R2 responses were similar in the 2 
groups, there was no evidence of pathophysiology 
involving the peripheral nerve or brain stem path- 
ways. However, there was evidence that the modula- 
tion of R1 responses by inhibitory mechanisms dif- 
fered from normal in persons with ABSD. The mech- 
anisms that modulate the inhibitory interneurons in 





the R1 pathway seemed to be affected in subjects 
with ABSD. Although no significant group differ- 
ence or group-by-ISI interactions were found in the 
conditioned R2 responses in this study, the patients 
tended to have less inhibition of their conditioned 
R2 responses. Thus, the inhibitory mechanisms that 
modulate the R2 responses were not as noticeably 
altered in subjects with ABSD as they were in sub- 
jects with ADSD. The R1 pathway has been well 
studied in animals and is thought to involve the no- 
dose ganglion, nucleus tractus solitarius, reticular for- 
mation, and nucleus ambiguus.”8 Little is known 
about the R2 pathway, except that it is also polysyn- 
aptic and might have a transcortical component.29 


In contrast to the findings here in subjects with 
ABSD, in our previous study of subjects with ADSD, 
there was evidence of adductor response disinhibi- 
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Fig 4. Top half of Figure shows individual sub- 
ject data plotted for percent of unconditioned 
response amplitude for normal volunteers and 
persons with ABSD. Bottom half of Figure 
shows plotting of percent occurrence of R2 con- 
ditioned responses in individual subjects for 
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tion during conditioning for both the ipsilateral R1 
and the contralateral R2 responses.!> This difference 
suggests that persons with ABSD or with ADSD both 
have altered modulation of inhibitory mechanisms, 
but that the particular mechanisms affected may dif- 
fer in the 2 types of spasmodic dysphonia. The R1 
conditioned responses were significantly different 
from those of normal volunteers in both patient 
groups. In fact, the graphs in Figs 2 and 3 for the 
conditioned ipsilateral R1 response are very similar 
to the same types of graphs in our report on ADSD.!5 
Thus, the R1 conditioning abnormalities are similar 
in both types of spasmodic dysphonia. 


No significant group differences were found be- 
tween normal volunteers and subjects with ABSD 
for R2 responses in this study, while in the previous 
study!> of ADSD, the patient group had significantly 
more frequent conditioned R2 responses than the nor- 
mal volunteers. However, a similar, nonsignificant 
tendency was found in the comparisons here between 
patients with ABSD and normal volunteers (p = .01). 
This suggests that the modulation of inhibitory mech- 
anisms affecting R2 responses is affected in subjects 
with ABSD, but not to the same degree as in sub- 
jects with ADSD.!5 


Subjects with ABSD may have reduced abductor, 
instead of adductor, response inhibition that contrib- 
utes to a relative hyperactivity of the abductor mus- 
cles. During electrical stimulation of the internal 
SLN, no long latency reflex responses occur in the 





CT muscles.!? Because of the technical difficulties 
in obtaining a reliable EMG recording of the PCA 
muscle regardless of the technique used,242550 we 
have not frequently recorded from the PCA muscle 
while conducting this experiment. Occasionally, we 
have observed a single ipsilateral response in the 
PCA muscle at around 30 ms, which may be associat- 
ed with vocal fold abduction following the initial 
R1. However, the physiological significance of this 
is limited, because the only movement observed dur- 
ing this procedure has been bilateral adduction of 
both folds, presumably due to the bilateral R2 re- 
sponse.!? It might be important, however, to evalu- 
ate PCA responses further to determine if condition- 
ing effects on this muscle are altered in ABSD. How- 
ever, the heterogeneity of EMG findings in subjects 
with ABSD also suggests that other muscles besides 
the PCA may be involved in some patients with this 
disorder.5 


Nevertheless, this study reports that subjects with 
ABSD had significant conditioning abnormalities, 
suggesting that inhibitory mechanisms are abnormal- 
ly modulated in these patients. The differences be- 
tween these findings in subjects with ABSD and in 
subjects with ADSD in a previous study!5 indicate 
that inhibitory mechanisms are altered differently in 
these 2 types of spasmodic dysphonia. This may ex- 
plain the different vocal fold movement control ab- 
normalities found in patients with these 2 types of 
spasmodic dysphonia. 
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INTRODUCTION 


A high jugular bulb is defined as that showing an 
abnormally high position in the tympanic cavity, with 
or without a bony plate. A high jugular bulb can be 
seen through the eardrum in some instances. When 
the eardrum is not translucent, however, it is impossi- 
ble to detect a high jugular bulb by otoscopic exam- 
ination alone. The most serious problem involving 
this anomaly is the possibility of causing massive 
bleeding during middle ear surgery such as tympa- 
notomy, tympanomeatal flap surgery, and tympano- 
plasty. In this report, a case of high jugular bulb ac- 
companied by chronic otitis media with cholestea- 
toma is presented. Preoperative computed tomogra- 
phy (CT) revealed the bulb to be adherent to a re- 
tracted and thickened eardrum due to chronic inflam- 
mation. With the CT finding of a high jugular bulb, 
massive bleeding during surgery was avoided. The 
importance of detecting the existence of this disease 
before middle ear surgery and the importance of pre- 
operative radiologic examination by CT are dis- 
cussed. 

CASE REPORT 

A 75-year-old woman complained of left-sided 

hearing loss and otorrhea. She reported no tinnitus 





Fig 1. Preoperative findings of eardrum, Attic retraction 
pocket was observed. 


or dizziness. On the first consultation, an attic retrac- 
tion pocket containing cholesteatoma debris was vis- 
ible. The pars tensa of the eardrum was retracted and 
markedly thickened and calcified (Fig 1). A pure tone 
audiogram showed a mixed hearing loss with a 20- 
to 50-dB air-bone gap in the low to middle frequen- 
cies. Bone conduction on the left was similar to that 
on the right, showing presbyacusis. The tympano- 
gram was type B. Since the patient refused choleste- 
atoma surgery, cholesteatoma debris was periodically 
removed in the clinic. However, debris could not be 
completely removed, and infection could not be con- 
trolled. The patient then agreed to surgery. 


Computed tomography performed before surgery 
showed undeveloped mastoid air cells and a soft tis- 
sue density in the attic and antrum. In the tympanic 
cavity, a high jugular bulb was observed (Fig 2). This 
bulb extended superiorly to the round window niche 
and laterally contacted the eardrum (Fig 3). Because 





Fig 2. Preoperative axial view of computed tomography 
scan of left temporal bone. High jugular bulb was in con- 
tact with eardrum (arrow). 
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of the thickened and calcified eardrum, the jugular 
bulb was not visible through the eardrum. 


Tympanoplasty was performed. During elevation 
of the thickened eardrum at the inferoposterior part, 
venous blood oozed slightly. This oozing was easily 
stopped with pressure and a small amount of Avitene 
(MedChem Products, USA). The cholesteatoma ma- 
trix was exposed by attico-antrotomy, and the pos- 
terosuperior part of the bony canal was drilled down 
during this procedure. The incus and malleus head 
were completely destroyed and the horizontal part 
of the facial nerve was exposed by cholesteatoma. 
After removing the cholesteatoma, we attempted to 
elevate the eardrum in the pars tensa from the superi- 
or part. However, as soon as the eardrum was ele- 
vated to the level just superior to the round window 
niche, dark venous bleeding was seen again, although 
bleeding was controlled again with pressure from a 
piece of Avitene. It was suspected that the bleeding 
occurred from a small tear in the jugular bulb, which 
was adhering to the eardrum. The stapes remained 
intact, and the mobility of the footplate was moder- 
ate. It was suspected that the top of the jugular bulb 
was situated at the level between the round window 
niche and the stapes, although the top of the bulb 
was not clearly detected. The defect in the eardrum 
and skin of the posterior wall of the external audi- 
tory canal was reconstructed with temporal muscle 
fascia. Type III tympanoplasty was performed be- 
cause the eardrum adhered to the stapes directly. The 
posterior wall of the bony external auditory canal 
was reconstructed with a piece of cortical bone. The 
mastoid cavity was obliterated by a Palva flap, hy- 
droxyapatite granules, and bone paste. 


DISCUSSION 


The position of the jugular bulb is extremely varia- 


Fig 3. Soft tissue density shadow of high jugular bulb 
was observed around round window niche (arrows). A 
Axial view, B) Coronal view 


ble and related to the position of the sigmoid sinus,’ 
but is not related to the degree of temporal bone pneu- 
matization.* When situated far back in the mastoid, 
the bulb is almost a direct continuation of the verti 
cal part of the sigmoid sinus and the height of the 
bulb is relatively low. However, if the sinus is posi- 
tioned far forward, it bends sharply upward into the 
bulb, which tends to be positioned higher.' A supe 
riorly placed lateral jugular bulb is described as in 
truding into the middle ear, and a bulb that intrudes 
up into the tympanic cavity is called a high jugular 
bulb. In temporal bone studies, the incidence of high 


jugular bulbs protruding into the tympanic cavity was 


25%. and that of bulbs extending into the middle 
ear above the inferior rim of the bony annulus was 
6%.* The height above the annulus varied from 0.6 
to 4.0 mm, with a mean height of 2.2 mm.* 


The presence of a high jugular bulb may be noted 
clinically by an abnormal otoscopic finding, heat 
ing loss, or, less commonly, tinnitus. Abnormal! oto- 
scopic findings are noticed in high lateral jugular 
bulbs as a bluish discoloration in the posteroinferior 
quadrant of the eardrum. In our case, however, a 
thickened eardrum with calcification masked the ex 
istence of the high jugular bulb. Before the develop 
ment of the CT scan, aberrant jugular bulbs were 
accidentally opened during middle ear surgery such 
as tympanotomy, tympanomeatal flap surgery, and 
tympanoplasty.!>-? At present, it is not difficult to 
note the existence of a high jugular bulb before tym 
panoplasty, because radiologic confirmation of ex- 
tent of the disease is performed by CT scan as a rou- 
tine procedure. In our case, although the jugular bulb 
was not visible through the eardrum, massive bleed 
ing during the surgery was avoided because the exis- 
tence of a high jugular bulb was discovered by CT 
performed before surgery. 
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INTRODUCTION performed diagnostic procedures. A CUP 


( 


is diagnosed in 0.5% to 5% +6 of all malign 


The definition of carcinoma of unknown primary 
(CUP syndrome) differs considerably in the litera- 
ture, as do the clinically and histopathologically used 


es, and 5% of lymph node metastase 
and neck have an unknown primary ci 


judgment criteria.'- Following the definition of Nis- SFDG-PET ('*fluor-deoxy-glucose posi 
senblatt,* we presume a CUP syndrome in patients sion computed tomography) has been 
suffering from lymph node metastases without the sensitive new tool for the detection of sq 
primary cancer’s being detected after the routinely carcinomas.*” The following case re} 





Fig 1. All images were obtained with Siemens Ecat Exact 921 PET Scan. Patient received intravenous inj 
370 megabecquerels '*fluor-deoxy-glucose after 8 hours of fasting. Scanning was performed | hour after i 
Images were reconstructed with transmission-emission fusion technique. Coronal slices show multiple ho 
both sides of neck, corresponding to cytologically proven metastatic spread into cervical lymph t 
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Fig 2. Coronal slices of head showing physiological '‘fluor-deoxy-glucose uptake of brain, and in addition, faint 


flat uptake in projection on roof of nasopharynx (arrow ) 
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Median sagittal slice through head shows small primary carcinoma in posterosuperior nasopharynx (filled 


arrow), just between sphenoid sinus and nasopharyngeal roof (open arrows) 
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fies the detection of an unknown primary cancer by 
18EDG-PET and is the first report on !8FDG-PET 
findings in undifferentiated carcinoma of the naso- 
pharynx.!° 


CASE REPORT AND DIAGNOSTIC FINDINGS 


A 60-year-old man presented with a prominent cer- 
vical lymph node in region V (regions classified by 
Medina!"). Ultrasound of the neck showed several 
slightly enlarged cervical lymph nodes besides the 
palpable node. Fine needle biopsy revealed a poorly 
differentiated carcinoma. According to the proposi- 
tions of Abbruzzese,!? the patient underwent, in Sep- 
tember 1996, the routinely performed diagnostic pro- 
cedures, including endoscopy of the nasopharynx, 
oropharynx, hypopharynx, larynx, and esophagus 
with systematic biopsies in the regions advocated 
by Lefebvre et al.!3 Neither morphological change 
nor malignancy was diagnosed. Computed tomog- 
raphy of the skull base and thorax did not reveal any 
lesion. Laboratory analyses revealed a high blood 
sedimentation rate, but no pathological changes in 
electrolytes, differential blood count, or enzymes, 
and no Epstein-Barr virus capsid antibodies. Whole 
body bone scintigraphy did not show any region of 
increased 99™technetium uptake. 


Consequently, the patient’s disease was classified 
as CUP syndrome, and !8FDG-PET of the head, neck, 
and thorax was performed as part of an ongoing pro- 
spective study. It showed an enhanced !8FDG up- 
take in multiple cervical lymph nodes (Fig 1). In ad- 
dition, a distinctive focal tracer uptake was local- 
ized at the roof of the nasopharynx (Figs 2 and 3). 


Subsequent excisional biopsy of the nasopharynx 
revealed an undifferentiated carcinoma measuring 
about 1 cm in diameter. Fine needle aspiration showed 
progressed metastatic spread into the cervical lymph 
nodes. The patient was submitted to radiotherapy. 


DISCUSSION 


In patients suffering from head and neck malignan- 
cies, the modern cross-sectional imaging methods 
(ultrasound, computed tomography, and magnetic 
resonance imaging) usually are able to depict the pri- 
mary cancer as well as lymph node metastases with 
high sensitivity and accuracy.'4:!5 Additionally per- 
formed endoscopy with fine needle aspiration cytolo- 
gy permits definite diagnosis in most patients. Im- 


provement of cross-sectional imaging techniques and 
introduction of new immunocytochemical staining 
methods have considerably diminished the incidence 
of the so-called CUP syndrome. !:2-12,13 


At the otolaryngology department of the Universi- 
ty of Cologne between October 1993 and October 
1996, new malignant lesions were diagnosed in 442 
patients. Only 16 of the 442 (3.6%) patients showed 
CUP syndrome. Despite sophisticated therapeutic 
management, the prognosis of patients with CUP 
syndrome is poor (5-year survival of 6% to 35%*!3) 
and is dependent on the histology of the primary car- 
cinoma and on the treatment strategy.!® If the pri- 
mary cancer appears only after therapy, it is still 
worse.!7 On the other hand, the survival time of pa- 
tients in whom the primary tumor is diagnosed is 
superior to that of patients in whom the primary tu- 
mor remains unknown. !8 Therefore, special and even 
expensive pretherapeutic diagnostic procedures in 
these patients are justified. 


18F]uor-deoxy-glucose is subject to a specific me- 
tabolism that differs extremely in different tissues. 
Phosphorylation of !8FDG is only possible by hexo- 
kinase, whereas normal glucose is also metabolized 
by glucokinase. Tumors in general show a high hexo- 
kinase activity and accumulate the metabolic prod- 
uct of !8FDG.!9 Positron emission tomography de- 
tects and localizes the short-lived radionuclide and 
depicts hot spots in tomographic slices. There is no 
known contraindication to !8FDG-PET such as al- 
lergy or intolerance, but in the condition of diabetes 
mellitus or enhanced blood glucose, tumor contrast 
may be weak; fasting of at least 8 hours is manda- 
tory. The exposure to radiation is comparable to that 
with computed tomography, with an effective dose 
of 8 to 9 millisieverts per 370 megabecquerels of 
18FDG.20 


In a study performed at the otolaryngology depart- 
ment of the University of Cologne, !83FDG-PET re- 
vealed tue primary cancer in 5 of 8 patients suffer- 
ing from CUP syndrome (unpublished observations), 
and Schipper et al?! detected 7 of 16 primary cancer 
sites with 18FDG-PET. In conclusion, '!8FDG-PET 
adds important metabolic information to the morpho- 
logical details of the conventional cross-sectional im- 
aging techniques and may visualize malignant le- 
sions more specifically. A larger study is under way 
to further define the place of !8FDG-PET in patients 
suffering from CUP syndrome. 
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BOOK REVIEWS. 


Office-Based Surgery in Otolaryngology 


Andrew Blitzer, Harold C. Pillsbury, Anthony F. Jahn, and 
William J. Binder, editors. Hard cover, illustrated, indexed, 
478 pages, 1998. Thieme, New York, NY, $98. 


Purpose: To furnish a comprehensive review of the subject of 
surgery and procedures heretofore performed in the hospital. 


Contents: The volume is divided into the following subject 
sections: basics, otology, laryngology, facial nerve surgery, rhi- 
nology, oral cavity, throat, and neck. The first section deals with 
the expanding managed care marketplace and includes office 
and surgical suite characteristics, Occupational Safety and Health 
Administration (OSHA) demands, insurance and legal issues, 
staffing and supplies, reimbursement issues, anesthesia needs, 
and pediatric procedures. The remaining sections, from otology 
to the neck, are brief discussions of surgical procedures. 


Assets: The 65 contributors for this book provide well-orga- 
nized information to aid the reader in choosing and performing 
office procedures and/or surgery. Section 1 contains an intro- 
duction to the basics of office surgery and practice in general. 
The first chapter, dealing with office design, is useful for both 
the novice and the experienced clinician. An ideal office is de- 
scribed, complete with equipment lists, staffing needs, and room 
diagrams that even include electrical outlets. A basic but exten- 
sive list of office manager duties is also given. The remaining 
introductory chapters are sketchy, offering the basics concern- 
ing OSHA requirements, insurance and legal issues, procedure 
room credentialing, and reimbursement issues. A useful chapter 
on the basics of office anesthesia and sedation is provided, de- 
scribing suggested drugs and doses for typical procedures. A 
monitoring protocol is also included. This section concludes 
with an introduction to pediatric office procedures, of which 
most are typically performed without the need for a specific 
procedure room or operating suite. 


Limitations: Many of the subjects discussed in the book are 
typical of everyday procedures and not considered surgery. It is 
difficult to sort out whether the book is referring to an operating 
room setting or a regular examination room. Nine out of the 12 
procedures listed in the contents under otology are typically 
performed in an office setting on a daily basis. 


Audience: This book is directed to the young otolaryngologist 
starting in practice. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Medical Warrior. Fighting Corporate Socialized Medicine 


Miguel A. Faria, Jr, Hard cover, indexed, 207 pages, 1997. 
Hacienda Publishing, Macon, Ga, $23.95. 


Purpose: To show that managed care and health maintenance 
organizations are not free market alternatives, but rather, a para- 
digm of corporate socialized medicine; that doctors, along with 
patients, need to mobilize to preserve the sanctity of the patient- 
doctor relationship and protest the health care and welfare of 
patients. 


Contents: Part 1 provides arguments that some of the prob- 
lems and answers to the dilemma of medicine reside in the pages 
of history. Faria draws parallels between the past and present 
regarding the plight of the Great Society, the Roman Empire, 
etc. In part 2, Faria attacks the issue of the environment (only 7 
pages), claiming political power interests to be greater than en- 
vironmental problems. Then there is a discussion of economic, 
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political, and social control by the government of its subjects, 
and a section that advises physicians to base opinions on ob- 
jective data and scientific facts rather than on emotions or ex- 
pedience. The last part (part 5) consists of short essays on major 
health care reforms that are said to be leading us to socialized 
“corporate” medicine and the collapse of the American health 
care delivery system. 


Assets: Succeeds in bringing much ammunition to the cur- 
rently waged intellectual battle over health care reform. 


Limitations: Dr Faria (obviously well read, cultured, intelli- 
gent, and with excellent communication skills) is at his best on 
subjects that deal directly with medicine (parts 1 and 5). 


Audience: A momentous book for one searching for answers 
to moral, social, and economic problems, not to mention health 
system reform. 

DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Imaging of the Temporal Bone 


Joel D. Swartz and H. Ric Harnsberger, editors. Third edition. 
Hard cover, illustrated, indexed, 497 pages, 1998. Thieme, 
New York, NY, $248. 


Purpose: To develop a basic didactic reference book that in- 
cludes discussion and illustration of several lesser-known enti- 
ties in addition to the more common. 


Contents: Eight chapters involving anatomy (external canal, 
middle ear, facial nerve, vestibular cochlear nerve) and pathol- 
ogy (vascular anomalies, otodystrophies, trauma). 


Assets: Images in the book depict excellent resolution of ana- 
tomic structures and pathological conditions. The reader is not 
distracted by multiple linear arrows, as in many books, identi- 
fying too many structures. Only pertinent temporal bone struc- 
tures and maladies are acknowledged. There is comprehensive 
coverage of the temporal bone. 


Limitations: For the otologist, there is too much anatomic text 
that is commonly available in basic otolaryngology books. Such 
in-depth anatomic discussion is relevant, though, for the radi- 
ologist. 

Audience: Indeed, the authors meet their goal, in that the book 


is a good practical resource in daily practice for the otologist or 
otolaryngologist, and especially for the radiologist. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Treatment Options for Méniére’s Disease. Endolymphatic 
Sac Surgery: Do It or Don’t Do It? 


I. Kaufman Arenberg and Malcolm D. Graham, editors. Hard 
cover, illustrated, indexed, 155 pages, 1998. Singular Pub- 
lishing Group, San Diego, Calif, $125. 


Purpose: The title tells it all. 


Contents: There are 36 contributors and 25 chapters, not in- 
cluding the introduction and closing remarks. The main parts 
are those giving 1) background information such as basics of 
management and physiology, 2) arguments for the surgery, 3) 
arguments against the surgery, and 4) a general rationale for op- 
tional surgery for Meniere’s disease. 


Assets: The various authors have tried to include everything 
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useful to convince the reader of their decision for or against sac 
surgery. In fact, the reader may want to forget sac surgery and 
read through the book so as not to miss any of the information, 
data, etc, on Meniere’s disease, which is comprehensive and 
useful. Chapter 16 dares to go beyond the proscribed limits set 
by most physicians for opinion and conveys the socio-economic 
aims of sac surgery. Though daring to do so may seem to involve 
monetary benefits, this feature has an important bearing on 
these discussions. Several authors discuss the shortcomings of 
available prosthetics used in shunt surgery. That is, the endo- 
lymphatic sac and ducts may be stenotic or fibrotic, and the 
prosthesis stem may be too large for the lumen to accommodate. 
Differences emerging from discussions are expressed by the 
authors, but the reader is not subjected to persuasion. 


Limitations: The data pro and con sac surgery throughout the 
book are generally unscientific (lacking controls and statistical 
validity). Mainly for this reason, the reader cannot be “judge and 
jury” in sac surgery. 


Audience: Though the doors on deciding on sac surgery are 
closed, the windows of opportunity are open for much informa- 
tion on Meniere’s disease for all specialties that deal with this 
condition. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Web Doctor. Your Online Guide to Health Care and Wellness 


Richard M. Sharp and Vicki F. Sharp. Soft cover, illustrated, 
indexed, 557 pages, 1998. Quality Medical Publishing, St 
Louis, Mo. . 


Web Doctor is a 500-page book that contains descriptions of 
1,500 web sites that relate to medicine. In addition, there is a 
CD-ROM that provides Internet access through a web browser 
for these various medical sites. 


Each web site included in the book was selected on the basis 
of whether it gives appropriate and relevant health care informa- 
tion, if it is a stable Internet location, if it has been updated on 
a regular basis, if it operates and functions well (having a rea- 
sonable download time), and if it has been an award-winning 


site and/or cited for its authoritative information. 


The book is quite easy to use. There are 3 web sites per page, 
with a picture illustrating the home page of the web site and a 
description of the information contained in the site. The web 
pages are also indexed in the back of the book for easy access. 


Weare not made aware of any physicians or review panel that 
were involved in selecting the web sites or that were involved in 
the verification of the web sites’ reliability. The authors of the 
book are both professors of education. The same authors were 
also instrumental in production of a book on best web sites for 
teachers and best mathematics and science web sites. 


Unfortunately for the fields of otolaryngology and audiology, 
there are very few sites contained in the book. For example, the 
web site of the American Academy of Otolaryngology—Head 
and Neck Surgery is not listed. The only “ear” web page selected 
was from the Cochlear Fluids Research Laboratory at Washing- 
ton University, St Louis, Mo. There are 2 sites listed under 
“deafness.” One site is listed under “hearing.” One web site does 
list and allow the user to download the information on all of the 


_ Academy’s brochures. However, ‘the number of sites available 


for the otolaryngology specialty would definitely be less than 
10. - 


The inclusion of the site on cochlear fluid research raises a 
question as to the filter the authors used for the inclusion of sites 
and as to who is their target audience for the book. 


The CD-ROM serves as an index of sites that can be easily 
searched and readily referenced with a web browser such as 
Netscape. The CD-ROM attempts to mimic a search engine in 
this regard. The only major drawback is that the web site is listed 
only by name and there is no attached description. Thus, the user 
will have to actually enter the on-line web site in order to de- 
termine whether or not the web site is appropriate for the prob- 
lem he or she is trying to research. Aside from this drawback, the 
web browser was very easy to use. 


In summary, I feel that Web Doctor is a useful reference tool, 
for a general practitioner or for patients trying to research a 
particular illness. I, however, do not feel that it will be readily 
useful in the otolaryngologist’s armamentarium. 


KEVIN T. KAVANAGH, MD 
Somerset, Kentucky 
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DOCUMENTATION OF THE PREVALENCE OF PENICILLIN- 
RESISTANT STREPTOCOCCUS PNEUMONIAE ISOLATED FROM 
THE MIDDLE EAR AND SINUS FLUID OF CHILDREN UNDERGOING 
TYMPANOCENTESIS OR SINUS LAVAGE 


SETH M. PRANSKY, MD 
SAN DIEGO, CALIFORNIA 
JOHN S. BRADLEY, MD 
SAN DIEGO, CALIFORNIA 


NINA L. SHAPIRO, MD 
Los ANGELES, CALIFORNIA 
MICHELLE MARTIN, MT, SM 
SAN DIEGO, CALIFORNIA 


With increasing pneumococcal resistance to penicillin and other antibiotics, use of antibiotic therapy for children with upper 
respiratory tract infections such as otitis media and sinusitis has become difficult. Selecting an appropriate treatment regimen has 
become more challenging due to frequent concomitant microbial resistance to multiple antibiotics. In a prospective, nonrandomized 
study, we obtained middle ear and sinus aspirate specimens from all children undergoing outpatient tympanocentesis or sinus lavage 
for any indication at our institution over two 4-week periods. One hundred fifty-four specimens were obtained. Of these, 12 grew 
Streptococcus pneumoniae, 7 of which were resistant to penicillin. A 6-month retrospective review of these patients’ medical histo- 
ries evaluated their antibiotic use prior to surgical intervention. An association between penicillin resistance and recent use of 2 or 
more antibiotics in children with positive $ pneumoniae cultures was confirmed, as has been documented in prior reports. Those with 


penicillin-resistant $ pneumoniae also demonstrated a higher incidence of multidrug-resistant organisms. 


KEY WORDS — otitis media, penicillin, Streptococcus pneumoniae. 


INTRODUCTION 


Streptococcus pneumoniae accounts for 30% to 
40% of cases of acute otitis media and sinusitis in 
children.! Penicillin-resistant S pneumoniae was first 
documented in the United States in 1974,2 and the 
incidence of resistance has increased dramatically 
since then. From 1979 to 1987, penicillin resistance 
was found in 0.02% of cases of S pneumoniae infec- 
tion; in 1992, 1.3% to 5% of cultures were penicil- 
lin-resistant. In 1995 to 1997, the incidence of peni- 
cillin-resistant S pneumoniae ranged from 17% to 
42%. Potential risk factors for antibiotic resistance 
have been well documented. These include current 
or prior antibiotic use, both for acute infections and 
as prophylaxis, recurrent infections in the prior 6 
months, day care attendance, and age less than 24 
months.3-7 


The purpose of this study was to document the 
prevalence of penicillin-resistant $ pneumoniae in 
the otolaryngology outpatient surgical setting in San 
Diego, California. All outpatients undergoing tym- 
panocentesis or sinus lavage at our Children’s Hospi- 
tal Day Surgery Center over two 4-week periods were 
included. 


PATIENTS AND METHODS 


All patients undergoing tympanocentesis with or 
without tympanostomy tube placement, or sinus la- 
vage with or without endoscopic sinus surgery, were 
included in the study. Institutional internal review 
board approval was obtained prior to commencing 
the study. The two 4-week testing periods were June 
1996 and January 1997, Aerobic specimens were tak- 
en via a sterile aspirate suction trap (Juhn Tym-Tap, 
Xomed Surgical Products, Jacksonville, Fla) after 
entering the middle ear or sinus. We did not attempt 
to sterilize the external auditory canal or middle mea- 
tus, as ‘previous reports have shown correlation be- 
tween external skin or mucosal organisms and mid- 
dle ear or sinus pathogens.® Fluid aspirate was plat- 
ed on sheep blood agar plates and incubated over- 
night in 5% carbon dioxide at 35°C. Optochin disc 
o-hemolysis was utilized to identify positive $ pneu- 
moniae cultures. An S pneumoniae minimum inhibi- 
tory concentration (MIC) microtiter plate panel was 
then performed for antibiotic susceptibility testing. 


The positive S pneumoniae cultures were evaluat- 
ed for penicillin susceptibility according to the Na- 
tional Committee for Clinical Laboratory Standards 
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TABLE 1. MULTIDRUG RESISTANCE IN PATIENTS 
WITH PENICILLIN-RESISTANT STREPTOCOCCUS 

















PNEUMONIAE 
Patient 

Antibiotic Resistance I 2 3 4 5 6 7 
Erythromycin x xX X KX 
Clarithromycin: x x Xx x 
Cefuroxime x xX Xx x x 
Trimethoprim- x x x x X X 

sulfamethoxazole 
Chloramphenicol x x Xx 
Amoxicillin-clavulanate x 

potassium 
Cefaclor x x 
Clindamycin x x 


Patient 7 had intermediate penicillin susceptibility. 





(NCCLS)? guidelines for penicillin susceptibility. 
Isolates with an MIC value to penicillin of <0.06 
g/mL were considered penicillin-susceptible; those 
with an MIC of 0.12 to 1.0 ug/mL were considered 
intermediately penicillin-resistant, and those with an 
MIC of 22.0 pg/mL were considered highly penicil- 
lin-resistant. We considered patients with intermedi- 
ate resistance or high resistance to be penicillin-re- 
sistant. 


The retrospective arm of this study involved iden- 
tifying each patient with a positive intraoperative S 
pneumoniae culture. Records of prior antibiotic use 
were obtained from each of these patients’ primary 
care physicians. There were multiple antibiotics uti- 
lized for acute therapy. The most commonly used 
antibiotics for acute middle ear and sinus infections 
included amoxicillin, amoxicillin—clavulanate potas- 
sium, erythromycin-sulfisoxazole, cefixime, and tri- 
methoprim-sulfamethoxazole. Prophylactic antibiot- 
ic therapy, which consisted of one third to one half 
of the therapeutic antibiotic dosage given once daily 
for 30 to 60 days, was amoxicillin or trimethoprim- 
sulfamethoxazole. These antibiotics were chosen by 
individual primary care pediatricians in a catchment 
area of 2.5 million people prior to referral to the pedi- 
atric otolaryngologists in our group. Number of anti- 
biotic “days” (number of days in 6 months prior to 
surgery receiving therapeutic or prophylactic antibi- 
otics) was recorded for each patient with a positive 
S pneumoniae culture. 


RESULTS 


One hundred fifty-four cultures (111 patients; 105 
middle ear; 6 sinus) were obtained. The age distribu- 
tion in this study ranged from 3 to 161 months (mean 
43.1 months; median 34 months; range 3 to 161 
months). There were 99 patients who did not have 
positive cultures for S pneumoniae. The mean age of 
this group was 45.8 months (median 38 months; 


TABLE 2. ANTIBIOTIC USE IN PRIOR SIX MONTHS 
IN PATIENTS WITH PENICILLIN-SUSCEPTIBLE 
STREPTOCOCCUS PNEUMONIAE 


Antibiotic Days 




















Patient Therapy Prophylaxis 
8 24 54 
9 40 21 
10 60 0 
11 80 0 
12 30 0 
Mean (d) 46.8 15 





range 3 to 161 months). The mean age of patients 
with positive S pneumoniae cultures was 20.6 months 
(median 14.5 months; range 10 to 54 months). The 
mean age of patients with penicillin-susceptible S$ 
pneumoniae was 11.6 months (range 6 to 15 months). 
The patient with intermediately penicillin-susceptible 
S pneumoniae was 28 months old. The mean age of 
patients with penicillin-nonsusceptible S pneumoniae 
was 25.7 months (range 10 to 54 months). The mean 
age of patients with positive $ pneumoniae cultures 
was significantly younger (p = .001, Mann-Whitney 
U-test) than that of patients in this study with nega- 
tive S pneumoniae cultures. 


There were 73 boys (65.8%) and 38 girls (34.2%) 
in this study. In the group with negative S pneumo- 
niae cultures, there were 63 boys (63.6%) and 36 
girls (36.4%). In the group with positive S pneumo- 
niae cultures, there were 7 boys (58.3%) and 5 girls 
(41.7%). Among all study patients, there were more 
boys than girls (p = .01, binomial z-test). However, 
gender was not significantly associated with S pneu- 
moniae culture results (p = .76, Fisher’s exact test). 


Twelve cultures of the 154 (8%) grew S pneumo- 
niae. Positive cultures were evaluated by an MIC 
titer panel for antibiotic susceptibility. Six cultures 
were highly resistant (MIC 2 2.0 ug/mL) to penicil- 
lin. Four of these 6 were middle ear cultures, and 2 
were sinus cultures. One culture (middle ear) had 
intermediate penicillin susceptibility (MIC 0.12 to 
1.0 ug/mL). Five cultures (all middle ear) were peni- 
cillin-susceptible (MIC < 0.06 pg/mL). Cultures with 
penicillin-nonsusceptible § pneumoniae had notably 
more multiple antibiotic resistance than those with 
penicillin susceptibility (Table 1). 


Antibiotic therapy data for the 6 months prior to 
surgery were obtained from patient medical records 
of the referring primary care physicians. Antibiotic 
uses for acute infections and for prophylaxis were 
recorded separately. Antibiotic “days” (number of 
days receiving antibiotics) were recorded as an indi- 
cator for antibiotic use. Mean therapeutic and pro- 
phylactic antibiotic days for the penicillin-suscep- 
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TABLE 3. ANTIBIOTIC USE IN PRIOR SIX MONTHS 
IN PATIENTS WITH PENICILLIN-RESISTANT 
STREPTOCOCCUS PNEUMONIAE 














Antibiotic Days 
Patient Therapy Prophylaxis 
1 Unknown Unknown 
2 Unknown Unknown 
3 110 60 
4 122 0 
5 92 10 
6 58 0 
7 40 0 
Mean (d) 84.4 14 





tible group were 46.8 and 15 days, respectively (Ta- 
ble 2). Mean acute and prophylactic antibiotic days 
for the penicillin-resistant group were 84.4 and 14 
days, respectively (Table 3). 


DISCUSSION 


In this study, we document the prevalence of peni- 
cillin-resistant $ pneumoniae in the outpatient otolar- 
yngology surgical setting. The low actual prevalence 
(8%) of positive S pneumoniae cultures may be at- 
tributed to the patient population, in that we included 
all surgical outpatients, with or without acute infec- 
tions, in the study. While the actual percentage of 
positive cultures was less than the prevalence of S 
pneumoniae seen in acute otitis media and acute si- 
nusitis, the prevalence of penicillin-resistant S pneu- 
moniae within all S$ pneumoniae isolates was high (7 
of 12 or 58%). This prevalence of penicillin-resis- 
tant S pneumoniae is consistent with recent findings. 
Nelson et ali? tested 62 middle ear isolates and 9 
sinus isolates of penicillin-nonsusceptible S pneumo- 

-niae. Of the middle ear isolates, 35 of 62 (56%) were 

intermediately penicillin-nonsusceptible, and 27 of 
62 (44%) were highly nonsusceptible. Five of the 9 
sinus isolates (56%) were intermediately penicillin- 
nonsusceptible, and 4 of the 9 (44%) were highly 
nonsusceptible.!° 


We found that patients with penicillin-resistant $ 
pneumoniae had a high incidence of multiantibiotic 
resistance on MIC testing (Table 1). The resistance 
rates for these organisms include B-lactam antibiot- 
ics (ampicillin), which act similarly to penicillin by 
interaction with penicillin-binding proteins on S 
pneumoniae. Alteration of these proteins is the prima- 
ry mode of nonsusceptibility in nonsusceptible S$ 
pneumoniae." B-Lactamase-producing antibiotics 
such as amoxicillin—clavulanate potassium may have 
equal resistance, as the resistance is not dependent 
on B-lactamase production. However, increasing the 
dosage of B-lactam antibiotics (amoxicillin 80 mg/ 
kg per day or amoxicillin 40 mg/kg per day with 


amoxicillin-clavulanate potassium 40 mg/kg per 
day) may achieve higher middle ear fluid concentra- 
tions of antibiotics and perhaps improve antibiotic 
response. Non—[-lactam antibiotics such as erythro- 
myciniand trimethoprim-sulfamethoxazole demon- 
strate similar patterns of resistance in penicillin-non- 
susceptible S pneumoniae strains.*:!2 The mechanism 
of antibiotic resistance is different between antibiotic 


classes, with no linked resistance reported to date. 


Patients with higher numbers of antibiotic “days” 
prior to surgery had a higher incidence of penicillin- 
resistant $ pneumoniae. While the numbers in this 
study were small, precluding statistical significance, 
prior antibiotic use has been documented as contrib- 
uting to incidence of nonsusceptible organisms. Block 
et aló compared 30% of 63 isolates of penicillin-non- 
susceptible S pneumoniae from patients recently 
treated with antibiotics to 2% of 220 isolates of peni- 
cillin-nonsusceptible $ pneumoniae from patients not 
recently treated with antibiotics. This difference was 
statistically significant (p < .0001; RR = 5.4; 95% 
confidence interval 3.98 to 7.3).§ 


Nasopharyngeal carriage of S pneumoniae is wide- 
ly believed to precede middle ear carriage and/or in- 
fection.!3 Antibiotic use has been shown to be a risk 
factor for nasopharyngeal carriage, and consequently 
middle ear carriage, of penicillin-nonsusceptible S 
pneumoniae.'4 Several groups have looked at naso- 
pharyngeal isolates for penicillin-nonsusceptible $ 
pneumoniae. In rural Kentucky communities, cur- 
rent antibiotic use was more frequent in children car- 
rying penicillin-nonsusceptible $ pneumoniae than 
those with susceptible strains: 31 of 36 (86%) ver- 
sus 30 of 80 (38%), respectively.!5 In a Tennessee 
community, 21 of 40 (53%) children with penicil- 
lin-nonsusceptible $ pneumoniae had received B-lac- 
tam antibiotics in the prior 3 months, while 25 of 60 
(42%) children with penicillin-susceptible $ pneu- 
moniae had used B-lactam antibiotics in the same 
time period (p = .312).}3 

The average age of patients in our study with posi- 
tive § pneumoniae cultures was 20.6 months, and 
patients with penicillin-resistant S pneumoniae had 
a mean age of 25.7 months. The mean age of our 
study population was 43.1 months. The difference 
in mean age between patients positive for S pneu- 
moniae and those negative for S pneumoniae was 
statistically significant (p = .001, Mann-Whitney U- 
test). An association between young age (<2 years) 
and S pneumoniae carriage and penicillin nonsuscep- 
tibility has been observed in prior reports.6 Nasopha- 
ryngeal aspirates were evaluated in the Yukon-Kus- 
kokwim Delta of Alaska, which has one of the high- 
est pneumococcal bacteremia rates in the world. Age 
less than 24 months was a significant risk factor for 
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carriage of intermediately susceptible or highly non- 
susceptible $ pneumoniae in the nasopharynx (p < 
.001; RR = 3.0).° 


Day care attendance,® Caucasian race,4 and paren- 
tal smoking? have all been associated both with high- 
er rates of otitis media and with penicillin-nonsuscep- 
tible organisms. These variables were not the focus 
of the present study. The population under 24 months 
is at highest risk for both infection and infectious 
complications such as bacteremia and meningitis. 
Pneumococcal vaccination with the currently avail- 
able 23-valent capsular polysaccharide vaccine can- 
not be routinely used in patients under 2 years, as 
they are not yet able to mount an effective, sustained 
immune response against polysaccharide antigens.° 
Several clinical trials utilizing conjugate vaccines, 
focusing on this age group, are in progress. !6:!7 


This report is part of a series of recent documenta- 
tions throughout numerous locations in this country 
confirming the overwhelming incidence of penicil- 
lin-nonsusceptible S pneumoniae in the pediatric 
population (First Annual Symposium on Infectious 
Diseases in Pediatric Otolaryngology, Aspen, Colora- 
do, August 1997). The focus on curtailing overuse 
of antibiotics with increasing nonsusceptibility pat- 
terns must be addressed. It is clear from this and mul- 
tiple previous studies2-7:!0,12-15 that antimicrobial re- 
sistance is of significant concern. We recommend 
reconsidering the utilization of long-term antibiotic 
therapy in cases of persistent middle ear effusion 
without evidence of acute infection. Children with 
middie ear effusion noted incidentally on examina- 





tion should not be treated with antibiotic prophylax- 
is if they do not meet specific criteria.!8 Antimicro- 
bial prophylaxis, which may consist of once-daily 
amoxicillin or sulfamethoxazole therapy, has been 
shown to benefit children with persistent middle ear 
effusion for greater than 3 months with accompany- 
ing hearing loss.!9 A second group of patients that 
meet criteria for antibiotic prophylaxis are those who 
develop 3 or more episodes of acute otitis media in a 
6-month period, or 4 or more episodes in a 12-month 
period.!8 


Obtaining middle ear or sinus cultures on all pa- 
tients prior to instituting antibiotic therapy would not 
be practical in children or adults. Children with recur- 
rent acute infections refractory to several courses of 
antibiotics may merit middle ear or sinus culture to 
identify the causative organism. Community otolar- 
yngologists may consider performing surveillance 
cultures during myringotomy and/or antral lavage to 
assess that individual community’s prevalence of 
antimicrobial-resistant organisms. 


The impact of antibiotic overuse must be empha- 
sized to primary care physicians. Education of prima- 
ry care physicians by otolaryngologists regarding the 
issue of antibiotic resistance after multiple courses 
of antibiotic therapy may reduce the incidence of 
multiagent-resistant bacteria. We are certainly not 
discouraging antibiotic utilization for acute otitis me- 
dia or sinusitis per se. However, the propensity for 
increasing resistance with multiple courses of anti- 
biotics needs to be addressed at the primary care 
level.20 
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ABILITY OF NUCLEUS COCHLEAR IMPLANTEES TO 
RECOGNIZE MUSIC 


SHUJI FUJITA, MD 


JUICHI ITO, MD, PHD 


OTSU, JAPAN 


Eight adults with cochlear implants participated in experiments to test their ability to recognize music. Some subjects showed 
good ability to recognize songs that were sung with instrumental accompaniment but poor ability to recognize songs played on an 
electronic keyboard without verbal cues, indicating that they were recognizing the songs by verbal cues rather than by musical 
qualities such as tones and melodic intervals. This conclusion was strengthened by the finding that subjects were barely able to 
distinguish between songs with the same rhythm and pitch range, and they showed poor ability to discriminate musical intervals. 
(The closest discrimination was 4 semitones.) Subjects had good ability to distinguish among the synthesized sounds of various 
musical instruments played on the electronic keyboard. We speculate that subjects could distinguish the various musical instruments 
in the same way they distinguish among human voices using spectrographic patterns such as formants or maxima. 


KEY WORDS — cochlear implant, music, pitch perception. 


INTRODUCTION 


As advances are made in cochlear implant tech- 
nology and the number of cochlear implant recipi- 
ents increases, demand is rising for implant systems 
that better meet their hearing needs. One concern of 
many who have received a cochlear implant is that 
they can no longer enjoy listening to music as they 
had before losing their hearing. 


Only a few reports have been published about the 
ability of those with cochlear implants to recognize 
music. Eddington et al!2 reported on a deaf individ- 
ual who, after receiving a cochlear implant prosthe- 
sis, could recognize 3 out of 5 songs, which were 
presented by the cochlear implant device as changes 
in the rate of electrical stimulation through a single 
electrode. 


Pijl and Schwarz? also tested the abilities of co- 
chlear implant recipients to recognize melodies and 
musical intervals when the pitches were presented 
through a single bipolar electrode as electrical stimuli 
at various rates. However, because multiple elec- 
trodes are usually stimulated in most current cochlear 
implants responding to sound, their results do not 
truly reflect the music recognition ability of individ- 
uals with modern cochlear implants. Furthermore, 
little has been published about the ability of persons 
with multichannel cochlear implants to recognize 
music in their daily lives, outside the laboratory set- 
ting.> 


We investigated this topic by conducting a series 
of experiments in which we presented sound stimuli 
as sounds, rather than as direct electrical stimuli, to 
individuals with multichannel Nucleus cochlear im- 


plants. We evaluated the subjects’ ability to recog- 
nize musical elements in the light of coding strate- 
gies used to code sound in cochlear implants. 


MATERIALS AND METHODS 


Candidates for this study were individuals who 
were postlingually deaf, still remembered nursery 
songs, could understand the concept of musical pitch 
(determined by careful questioning), and had co- 
chlear implants with more than 17 pairs of electrodes 
functioning reliably. We determined that candidates 
understood the concept of “pitch” when they ex- 
plained it as “frequency” or “highness or lowness” 
of a tone and differentiated it from other qualities 
such as loudness. The purpose and procedures of the 
experiment were presented to each candidate in writ- 
ing, and those who understood musical pitch and 
gave written consent to participate were enrolled in 
the study. 


Subjects. The 8 adults who agreed to participate 
in the study are profiled in Table 1. Their average 
age was 48.8 years (range 28 to 71 years), and their 
deafness had lasted between 2 months and 20 years. 
Seven subjects used mini sound processors with a 
multipeak (MPEAK) coding strategy, and the eighth 
used a SPECTRA 22 sound processor with a spec- 
tral peak (SPEAK) coding strategy. Two of the fe- 
male subjects (subjects 1 and 3) had played the pi- 
ano before losing their hearing, and they still played 
occasionally at the time of the study. The other 6 
subjects had no formal musical training. 


Equipment and Procedures. Nursery songs with 
vocal and instrumental accompaniment were ob- 
tained from commercial cassette audiotapes. The 20 
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TABLE 1. PROFILES OF SUBJECTS 








Duration 
Subject Age Cause of of Coding 
No. (y) Sex Deafness Deafness Strategy 
A 42 M _ Bilateral 6y MPEAK 
Meniere’s 
disease 
B 31 M Progressive 20 y MPEAK 
SNHL 
C 69 F Unknown 10mo MPEAK 
D 42 F Unknown 2mo MPEAK 
E 44 F Unknown 12y SPEAK 
F 28 F Progressive 18mo MPEAK 
SNHL 
G 71 F Sudden SNHL 16y MPEAK 
H 63 M Sudden SNHL 13mo MPEAK 


SPEAK — spectral peak, MPEAK — multipeak, SNHL — sensori- 
neural hearing loss. 





songs that were used were selected on the basis of 
these 3 criteria: the songs were known to most people, 
the vocal portions were clearly articulated, and only 
a few instruments were used in the accompaniment. 
For ease and uniformity of presentation, the songs 
were recorded on audiotape with a digital audiotape 
recorder (Sony TCD-D7). All other musical stimuli 
were played on an electronic keyboard (Yamaha 
PSS31) that has dozens of timbres simulating musi- 
cal instruments. We simulated instruments on the 
keyboard rather than playing tape recordings of in- 
struments because patients would have lost their fo- 
cus if we had taken time to rewind a tape recording 
to the exact position of the next musical stimulus to 
be presented. 


Experiments to test the subjects? music recogni- 
tion ability were performed in a quiet room, with 
sounds presented at 65 to 75 dB sound pressure level 
(SPL) as measured near the microphone to the co- 
chlear implant. Testing was conducted with each 
individual’s speech processor on settings he or she 
used in daily life. Each subject was asked to per- 
form the following tasks: 1) recognize nursery songs 
(both open and closed sets) sung with instrumental 
accompaniment (10 trials) and played on the key- 
board (no vocal; 10 trials), 2) distinguish among 4 
nursery songs with the same rhythm and pitch range, 
played on the keyboard (10 trials), 3) distinguish mu- 
sical intervals played on the keyboard (10 trials for 
each of 6 intervals), and 4) distinguish which musi- 
cal instrument was being played.on the keyboard (10 
trials). The battery of tasks required 1 to 1.5 hours to 
complete, and each subject completed the tasks in 1 
day. We interviewed the subjects after each session. 


The sound stimuli were analyzed spectrographi- 
cally on a personal computer equipped with an ana- 
log-to-digital data conversion board, 16-bit resolu- 


tion, and a sampling frequency of 22 kHz. A pro- 
gram written by the first author applied a Hanning 
window to the digitized data, followed by fast Four- 
ier transformation of 512 points consecutively. The 
results were displayed graphically on the computer 
monitor and printed with gray scales. 


Recognition of Nursery Songs (Open and Closed 
Sets). For this task, each subject was presented with 
10 audiotaped songs chosen at random from among 
20 nursery songs that were sung with accompani- 
ment by more than 1 instrument. Each subject was 
told that he or she would hear popular nursery songs, 
but was not given a list of the songs (open set). The 
subject was asked to give the title or some words 
unique to the song on every trial, but no feedback 
was given for the response. 


We then showed the subject a list of the 20 songs 
and asked him or her which songs were familiar. We 
selected 10 songs from among those the subject said 
were familiar to him or her and told the subject that 
10 songs would be presented from this set (closed 
set), that the songs would be presented at random, 
and that each song in the selected group could be 
presented once, more than once, or never. The sub- 
ject was required to provide a name for each song 
presented, even if he or she was not sure which song 
was being played. The results of the closed-set ses- 
sions were analyzed statistically. 


We also performed testing with open and closed 
sets, as just described, for melody lines of nursery 
songs played on the keyboard, set in piano mode, 
without vocal or other instrumental accompaniment. 


Distinguishing Among Songs With Same Rhythm 
and Pitch Range. At the start of this music recogni- 
tion task, each subject was shown a list of 4 songs 
that haye the same rhythm and similar pitch ranges 
(Fig 1). All of the subjects were familiar with all 4 
songs. When played at the same tempo and on the 
same instrument, these songs differ from each other 
only in melody (the specific musical pitches and their 
sequence). A song selected at random from among 
these 4 songs was presented to each subject, and the 
subject was required to give a title. No feedback was 
given for the response. A total of 10 presentations 
were made by playing each song on the electronic 
keyboard and taking great care to play each song at 
the same tempo and rhythm. It was not difficult to 
reproduce the same tempo and rhythm each time, 
because the songs are short and the rhythm is simple. 


Distinguishing Musical Intervals. To determine 
subjects’ thresholds for distinguishing musical inter- 
vals, we presented each subject with 60 pairs of tones 
played ‘on the keyboard in piano mode. Ten pairs of 
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Fig 1. Melodies with same rhythmic cues and narrow 
pitch range. Four melodies familiar to Japanese subjects 
and with identical rhythms and narrow pitch ranges in 
initial 4 measures were presented at same tempo. Some 
songs were transposed from original key of song, so that 
all 4 songs would be in same pitch range for this task. 


tones were played for each interval of 2, 4, 6, 8, 10, 
and 12 semitones, in the range from 123 to 494 Hz, 
and subjects were required to indicate which tone of 
the pair was the higher in pitch. A computer pro- 
gram written by the first author was used to present 
the interval pairs so that the higher in pitch of the 
pair came first or last randomly, all the tones in the 
range of pitches were used equally often (or as close- 
ly as possible), and subjects were presented with an 
equal number of each interval pair. In addition, be- 
cause some pitches may sound louder than others, 
the volume of each tone was varied randomly each 
time to avoid subjects’ associating the loudness of 
the sound with its pitch. 


Distinguishing Which Musical Instrument Is Be- 
ing Played. We also tested each subject’s ability to 
perceive, by the instrument’s timbre, which of 5 in- 
struments was being simulated on the keyboard. We 
selected piano, banjo, violin, harp, and trumpet for 
testing, and we presented octave scales in the same 
pitch range for each instrument. We found that ini- 
tially subjects could not tell which instrument was 
being simulated, even if they had listened to the in- 
strument before their loss of hearing. Therefore, be- 
fore the actual experiment we taught them to recog- 
nize the simulated sounds of these 5 instruments by 
repeatedly playing scales in that instrumental mode 
and telling them the name of the instrument being 
played. Testing began only after each subject voiced 
confidence in his or her ability to distinguish among 
the instruments. Each subject was presented with 10 
scales played in 1 of the 5 instrumental modes. In- 
strument modes were chosen randomly, and the vol- 
ume was changed each time a scale was presented 





so that the subject would not be able to associate 
timbre and loudness. Subjects were required to name 
an instrument on each trial. 


RESULTS 


Recognition of Nursery Songs. Subjects could rec- 
ognize an average of 3.9 nursery songs (range 0 to 9 
songs) in an open set and an average of 5.3 nursery 
songs (range 1 to 10 songs) in a closed set of songs 
presented with vocal and instrumental accompani- 
ment. Six of the 8 subjects were able to correctly 
identify more than 3 of 10 songs in a closed set — 
significantly more than would occur by chance (p < 
.05). That is, the probability of answering correctly 
4 times in 10 trials if the subject responds randomly 
is 10C4 (1/10)4(9/10)® where 10C4 (=210) is the num- 
ber of combinations to choose 4 correct answers out 
of 10. The probability of obtaining more than 3 cor- 
rect answers in 10 trials is 10C4(1/10)4(9/10)® + 10C5 
(1/10)5(9/10)5 +...+ 10C10(1/10)!9(9/10)° = .0128 (< 
.05). The subjects who scored well on nursery song 
recognition included the 2 who had musical train- 
ing, and the best score was achieved by the single 
subject whose cochlear implant used SPEAK cod- 
ing strategy with a SPECTRA 22 sound processor. 
Those who correctly identified more songs reported 
in the interview that they recognized the songs on 
the test mostly by the words. 


When the melody line only of nursery songs was 
presented on the keyboard, subjects’ recognition 
scores fell considerably. The average number of cor- 
rect answers was 1.7 of 10 (range 0 to 4) songs in an 
open set, and 2.1 of 10 (range 0 to 7) songs in a 
closed set. The 2 subjects who had musical training 
recognized significantly more songs than would oc- 
cur by chance (p < .05), whereas the others did not. 
(See previous paragraph for calculation.) Most sub- 
jects reported that this task was harder than the first 
task (recognizing songs with vocal and musical ac- 
companiment), although 1 subject reported that it 
was easier for him to follow the melody lines be- 
cause of their simplicity. 


Distinguishing Among Nursery Songs With Same 
Rhythm and Pitch Range. Figure 2 shows the results 
of subjects’ attempts to discriminate among the mel- 
ody lines of 4 rhythmically identical nursery songs 
played at the same tempo. Subjects would be ex- - 
pected to match the 4 songs with their titles by chance 
alone an average of 25% of the time (average of 2.5 
correct answers in 10 trials). The distribution of re- 
sponses in Fig 2 is consistent with chance respond- 
ing, and in fact, the subjects reported in the inter- 
view that they were unable to discriminate among 
the 4 rhythmically identical songs. 
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Fig 2. Ability of 8 subjects to recognize 4 rhythmically 
identical songs. For each trial, | of 4 songs was presented 
at random. Each subject underwent 10 trials and would 
average 2.5 correct answers by chance alone (no ability 
to distinguish which song was played). Distribution of 
results is consistent with chance, meaning that subjects 
could not distinguish among 4 songs. 


Distinguishing Musical Intervals. The results of 
testing each subject’s ability to distinguish tone in- 
tervals were graphed, and the results for 2 subjects 
are shown in Fig 3. Because the possibility that a 
subject would give a correct answer in 8 or more of 
10 trials by random guessing is almost 5% (10C8(1/ 
2)8(1/2)? + 10C9(1/2)9(1/2)! + 10C10(1/2)!%(1/2)° = 
547), we defined the threshold for musical interval 
discrimination to be the smallest interval for which 
the subject gave at least 80% correct answers on tri- 
als of that interval and trials of all wider intervals. In 
Fig 3, by this definition, subject A’s threshold for 
interval discrimination was 8 semitones and subject 
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Fig 3. Protocol to determine each subject's threshold for 
distinguishing musical intervals. Ten pairs of simulated 
piano tones ranging over 2 octaves (fundamental frequen- 
cies between 123 and 494 Hz) were presented for each 
of 6 intervals (2. 4, 6, 8, 10, or 12 semitones apart). Be- 
cause possibility of subject's achieving 8 or more cor- 
rect answers in 10 trials is 5% if subject answers ran- 
domly, we defined threshold for interval discrimination 
to be smallest tone interval at and above which subject 
always scored 80% or better correct responses. With this 
definition, subject A's threshold for interval discrimina- 
tion was 8 semitones and subject B’s threshold was more 
than 12 semitones. 


B had a threshold of more than 12 semitones 


Figure 4 summarizes the interval discrimination 
thresholds for all subjects. On the basis of these re- 
sults, subjects fell into 2 groups: the 5 who could 
distinguish musical intervals with greater (4 semi- 
tones) or lesser (10 semitones) precision and the 3 
who could not distinguish intervals even of 12 semi- 
tones (a full octave) apart. Understanding the con- 
cept of musical pitch (higher or lower tones) was a 
prerequisite for participation in the study, so we are 
confident that the 5 subjects who discriminated in- 
tervals 4 to 10 semitones apart were in fact recog- 
nizing higher or lower pitches. The 3 who could not 
distinguish intervals stated in their interview that they 
had difficulty ranking musical pitches because the 
sound qualities of the 2 tones were too different to 
be able to compare them. One of these 3 subjects 
was the woman whose cochlear implant used SPEAK 
coding and who had a good ability to recognize songs 
with vocal and instrumental accompaniment 


Distinguishing Which Musical Instrument Is Be- 
ing Played. Subjects correctly identified which of 5 
musical instruments was being simulated an aver- 
age of 5.6 (range 3 to 8) times in 10 trials. All sub- 
jects except | answered correctly 5 or more times in 
the 10 trials — considerably more than would be 
expected by chance alone (p = 10C5(1/5)°(4/5)° + 
10C6(1/5)(4/5)4 +...+ 10C10(1/5)!9(4/5)° = .0328; < 
.05). Although the experimental setting was the first 
time that subjects had listened to some of the musi- 
cal instruments simulated using their cochlear im- 
plants, they reported in interviews that they found it 
easy to learn to distinguish the instruments by their 
timbres, even though the timbres heard with the co- 
chlear implants were different from those they had 
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MUSICAL INTERVALS 


Fig 4. Distribution of thresholds for distinguishing mu 
sical intervals. Although subject with best ability to dis 
criminate musical intervals could identify higher of 2 
pitches 4 semitones (major third) apart, some subjects 
could not distinguish which pitch was higher even when 
tones were |2 semitones (octave) apart. 
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heard before their loss of hearing. 


DISCUSSION 


Some subjects had a good ability to recognize 
songs with vocal and instrumental accompaniment 
but had difficulty recognizing songs when the melody 
line only was played on a keyboard, without words. 
The results of testing indicated that subjects recog- 
nized songs using a combination of cues, including 
pitch, rhythm, and tempo, but mostly verbal informa- 
tion. The interviews with subjects reinforced the im- 
portance of verbal clues in recognizing songs. 


The fact that musically trained subjects were bet- 
ter able to recognize nursery songs both with and 
without vocal elements indicates that they used their 
experience to extract maximal information from frag- 
mentary musical evidence. These results are sup- 
ported by a previous report that a musically trained 
subject with a multichannel cochlear implant was 
able to recognize melodies played on various musi- 
cal instruments but that subjects without such train- 
ing could not.> 


The fact that individuals with cochlear implants 
using the SPEAK coding strategy are better able than 
those whose implants use the MPEAK coding strat- 
egy to hear speech in noisy environment® may ex- 
plain the finding in our study that the subject with a 
SPEAK-strategy cochlear implant had the best abil- 
ity to recognize songs with vocal and instrumental 
accompaniment. Nevertheless, most subjects in the 
study seemed to recognize familiar, simple songs by 
extracting the words from the complex sounds that 
were presented. Therefore, it is likely that if songs 
with unfamiliar or unclear words, such as opera or 
popular music, had been presented, subjects would 
have had much lower song recognition scores. 


Discrimination of Songs With Same Rhythm and 
Pitch Range. The subjects in our study could not dis- 
tinguish among familiar songs that had the same 
rhythm and pitch range, although subjects with co- 
chlear implants in previous studies could make this 
distinction.!3 This discrepancy may be due in large 
part to the fact that the stimulation modes used in 
our study differed from those used previously. Where- 
as others stimulated the cochlear implant directly by 
applying tone frequencies through a single monopo- 
lar or a single bipolar electrode, we presented musi- 
cal sounds that were picked up by the subject’s sound 
processor and transformed to electrical stimuli deliv- 
ered through multiple electrodes. Individuals with 
Nucleus cochlear implants can obtain information 
about pitch in 2 ways: 1) electrical stimulation of 
areas of the cochlea corresponding to frequencies of 
formants in MPEAK or maxima in SPEAK and 2) 


the rate of stimulation of electrodes in MPEAK. It is 
reasonable to presume that recognizing pitches coded 
by stimulation of multiple electrodes, as occurred in 
our study, would be more confusing than recogniz- 
ing pitches coded by stimulation of a single mono- 
polar or a single bipolar electrode, because electri- 
cal stimulation of each pair of multiple electrodes 
elicits a different-quality sound sensation. The re- 
sults of a previous study> tend to confirm that sub- 
jects with cochlear implants have poor ability to de- 
tect pitch; in this study, individuals with multichan- 
nel cochlear implants (Nucleus or Ineraid) performed 
less well on a tone discrimination subtest than on a 
rhythmic subtest of a standardized test of musical 
perception. 


Threshold for Discrimination of Musical Intervals. 
The ability of subjects in our study to discriminate 
musical intervals was very poor — the best thresh- 
old of discrimination was only 4 semitones (a major 
third), and 3 of the 8 subjects could not differentiate 
2 tones as much as 12 semitones (an octave) apart. 
This poor pitch discrimination ability helps to ex- 
plain why it was so difficult for the subjects in our 
study to discriminate among melody lines of nurs- 
ery songs presented without verbal cues. 


Studies conducted in normal-hearing subjects 
showed much more sensitive frequency discrimina- 
tion, although the discrimination threshold depended. 
on the signal intensity and frequency and the stimu- 
lation method used.” For example, normal-hearing 
subjects could discriminate a pair of pure tones 1.0 
Hz apart when presented at 200 to 400 Hz at 40 dB 
SPL,’ equivalent to 0.04 to 0.09 semitones. In con- 
trast to these results in normal-hearing individuals, 
the frequency allocation of electrodes used in co- 
chlear implants is very rough, as shown in Table 2. 
As aresult of the wide range of pitches assigned to a 
small number of electrodes, pitch discrimination 
based on “place pitch” stimulation through a given 
electrode must necessarily be too imprecise to per- 
mit recognition of musical intervals. 


Previous reports noted that changing the pulse rate 
on a single monopolar or a single bipolar electrode 
of a cochlear implant could result in the perception 
of a change in pitch, although wide intersubject vari- 
ability was found — the saturation point above which 
the pitch sensation did not change ranged from 200 
to 1,000 pulses per second.!0-!2 Such variability in 
pitch recognition when stimuli are applied through 
a single monopolar or a single bipolar electrode and 
the confusion arising from stimulation via multiple 
electrodes may explain the variability noted in our 
study in the threshold for discriminating musical in- 
tervals. 
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TABLE 2. ONE EXAMPLE OF HOW UPPER 
FREQUENCY MAY BE ASSIGNED TO EACH 
ELECTRODE PAIR 


Electrode Pair No. 











Upper Frequency (H2) 





20 400 
19 500 
18 600 
17 700 
16 800 
15 900 
14 1,000 
13 1,112 
12 1,237 
11 STT 
10 1,531 
9 1,704 
8 1,896 
7 2,109 
6 2,346 
5 2.611 
pi 2,904 
3 3.231 
2 3,595 
l 4,000 


In this example, even though all 22 electrodes are usable and every 
second electrode is selected to form pair, frequency range allocated 
to each electrode pair is too wide to permit recognition of musical 
intervals on basis of “place pitch.” 








The only subject in our study whose cochlear im- 
plant used a SPEAK coding strategy showed the best 
ability of all 8 subjects to recognize songs with vo- 
cal and instrumental accompaniment and also dem- 
onstrated the poorest ability to recognize musical 
intervals. These findings may be accounted for by 
2 changes in coding strategy implemented with 
SPEAK °: 1) stimulation through electrodes at a rate 
of about 250 Hz instead of at variable rates coupled 
to a fundamental frequency (glottal pitch) and 2) wid- 





1 2 
piano banjo harp 


violin trumpet 


3 4 sec 


ening of the frequency range allocated to electrodes 
from 4,000 to 10,000 Hz. 


Recognition of Timbre. The fact that subjects in 
our study could correctly recognize various instru- 
ments indicates that the cochlear implant system can 
produce a variety of (recognizable) stimuli that cor- 
respond to the timbres of various musical instru- 
ments. Each musical instrument has its own specific 
sound spectrographic pattern (Fig 5A), as does each 
vowel (Fig 5B), and cochlear implants are designed 
to use the spectrographic patterns of sounds, includ- 
ing formants and maxima, to code sounds. Individu- 
als using cochlear implants learn to understand 
speech by distinguishing slight differences in the 
spectrographic patterns of phonemes, and we pre- 
sume that subjects in this study were able to distin- 
guish among various musical instruments in the same 
way. However, as shown in this and in a previous 
study,* individuals with cochlear implants cannot 
identify musical instruments by their “voices” un- 
less they are given the opportunity to learn what vari- 
ous instruments sound like when their timbres are 
coded by the cochlear implant. Clearly, the timbres 
of musical instruments heard with a cochlear implant 
differ from the natural timbres of instruments, so in 
this regard, implant systems fail to transmit the sound 
qualities of musical instruments. 


Effectiveness of MPEAK and SPEAK Coding Strat- 
egies. Although it is impossible for a cochlear im- 
plant device to transmit as much information to the 
central nervous system as a normal cochlea would, 
coding strategies such as MPEAK and SPEAK have 
been designed to extract and transmit those features 
of sound that are key to understanding human speech. 
The Nucleus cochlear implant system is so effective 
that some subjects in our study could recognize nurs- 
ery songs by identifying the words of songs when 





Fig 5. Sound spectrograms of A) 5 musical instruments simulated on electronic keyboard and B) 5 Japanese vowels. Each 
instrument has its own specific pattern of intense frequency regions, similar to formants in vowels, that are used by Nucleus 


cochlear implant to code sound. 
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presented in musical rhythm and pitch and with in- 
strumental accompaniment — a complex task. The 
SPEAK coding system has been shown to provide 
better recognition of speech compared to the MPEAK 
coding system,° and the subject in our study with a 
cochlear implant that used the SPEAK coding strat- 
egy had the best ability to recognize nursery songs 
when presented with verbal cues. Nevertheless, this 
subject had no better ability to recognize pitches than 
did subjects with implants that used the MPEAK 
strategy. It thus appears that progress in providing 
for better recognition of speech does not necessarily 
contribute to enhanced ability to recognize nonver- 
bal sounds such as music. 


CONCLUSION 
The results of this study show that the cochlear 


implant devices that are currently available have 
strengths and weaknesses. All subjects could easily 
learn to recognize timbres of various musical instru- 
ments, and they showed good ability to recognize 
familiar nursery songs. However, they had poor abil- 
ity to discriminate musical intervals, as indicated by 
results of testing their ability to distinguish 4 nurs- 
ery songs with the same rhythm played on a key- 
board at the same tempo and by the results of testing 
musical interval discrimination directly. In fact, post- 
testing interviews confirmed that subjects recognized 
nursery songs mostly from verbal cues rather than 
by musical qualities such as tones and intervals. We 
hope that these findings regarding the music recog- 
nition ability of subjects with Nucleus cochlear im- 
plants will contribute to the design of future models 
of such devices. 
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OBJECTIVE EVALUATION OF NORMAL FACIAL FUNCTION 
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The aim of this investigation was the assessment of normal facial movements using the objective computer-a SCAR 
method, Computerized black-and-white video images of 20 healthy volunteers were recorded with the face at rest I 
kling of the forehead, forced eye closure, and forced smiling. The mean regional symmetry index was found to b sD 
range 80% to 99%) for wrinkling of the forehead, 93% (SD 5%; range 82% to 100%) for forced eye clasure, and 91% (SD range 
79% to 98%) for maximal smiling. Clinical weighting gave a global symmetry index of 92% (SD 3%: range 88% to 96%). TI 
presented results show that the physiological dynamic asymmetry of the normal face is 7% to 9%. No dominant fac | uld ł 
found. The comparison of the results obtained with the OSCAR method with those of the subjective House-Brackmann an 
grading systems showed that the physiological asymmetry of facial movements can only be accurately determined | put 


assisted objective method 


KEY WORDS — facial asymmetry, normal facial function, objective scaling 


INTRODUCTION the face at rest, maximal wrinkling of the forehead, 

Every objective or subjective scaling system as- forced eye closure, and maximal smiling. A ceph 
sessing. facial motor function compares pathologi- alostat”* was used to stabilize the subject's head rela 
cal to presumed normal facial movements. The most tive to the video camera. The recording of | subject 
commonly used subjective grading system is the took about 20 minutes. The 3 technically best series 
House-Brackmann!-? (HB) classification. The ob- were evaluated. For each movement, the image of 
server attributes his or her subjective visual impres- the corresponding facial area was digitally subtracted 
sion to | of 6 different grades. However, attribution from the image at rest and the change of luminance 
to | HB grade may be difficult due to different de- was calculated. The augmented perioral luminance 
grees of motion in the upper and lower parts of the during smiling is shown in the Figure as white ai 


face. The Fisch? classification evaluates the rest- 
ing tone and 4 major facial movements separately. 
The final percent grade is calculated by adding the 
weighted regional values to a maximum score of 
100%, indicating normality. Subjective facial grad- 
ing systems have been reported by others such as 
Yanagihara’ and Stennert.® The aim of this investi- 
gation was to determine the physiological range of 
dynamic facial asymmetry in normal subjects by 
means of the previously described objective OSCAR 
method’-!° (objective scaling of facial nerve func- 
tion based on area analysis). The results are com- 
pared with data obtained by the HB and Fisch sub- 
jective grading systems. 


MATERIALS AND METHODS 
Computerized black-and-white video recordings 
were performed with the OSCAR system in 20 
healthy volunteers (ages between 25 and 65 years; 
mean 39 years; 9 men, 11 women). In each subject, 





Subtracted picture of smiling face with | 
5 series of static video images were recorded with mented luminance 
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TABLE 1. SYMMETRY INDICES 





TABLE 2, LEFJ-RIGHT SYMMETRY INDICES 

















Symmetry Symmetry (%) Left-Right Symmetry (%) 
Index Poses of Face MeantSD Range Index Poses of Face Mean+SD Range 
Regional Smiling 9145 79-98 Regional Smiling 101 + 12 82-126 
Eye closure 935 82-100 Eye closure 101 +10 82-121 
Forehead wrinkling 916 80-99 Forehead wrinkling 100+ 11 83-120 
Global Smiling (40%) + Global Smiling (40%) + 
eye closure (40%) + eye closure (40%) + 


forehead wrinkling (20%) 9243 88-96 


forehead wrinkling (20%) 101 +8 88-112 





eas. This off-line analysis took about 15 minutes. A 
regional symmetry index (RSI) was determined for 
each facial area as the percentage of change in lumi- 
nance of the “weaker” side versus the “better” side, 
taking the latter as 100%. Thus, the RSI is always 
<100%. 


For clinical evaluation, a global symmetry index 
(GSD was derived, which represents the facial sym- 
metry of each subject in 1 number. To calculate this 
parameter, the RSIs of the clinically more important 
eye and mouth movements were multiplied by 0.4 
and the RSI of the forehead by 0.2 before summing. !° 
The result is a GSI with a maximum of 100%, in 
which a weakness of the forehead contributes less 
to a bad result than a weakness of the mouth or the 
eye. Note that for calculating the GSI, the weaker 
region may not be consistently on the same side for 
each part of the face. Additionally, a left-right index 
(LRI) was calculated by adding the changes of lumi- 
nance of all 3 facial areas during maximal move- 
ment on the left side and relating it to the sum of the 
changes on the right side, taking the latter as 100%. 
Thus an LRI of >100% is possible, and would indi- 
cate stronger movements on the left side. Video im- 
ages of all recorded facial movements were used for 
clinical grading according to the HB and Fisch clas- 
sifications by 7 independent and experienced observ- 
ers. 


RESULTS 


Comparison Between Stronger and Weaker Fa- 
cial Sides. The computerized assessment of the 3 fa- 
cial poses in 20 normal subjects revealed a mean 
symmetry between 91% and 93% (Table 1). The low- 
est values of RSI found in 3 different subjects were 
79% for the mouth, 82% for the eye, and 80% for 
the forehead movements. 


The mean GSI representing a weighted average 
of smiling, eye closure, and wrinkling of the fore- 
head was 92%, with a range between 88% and 96% 
(Table 1). 


Comparison Between Left and Right Sides of Face. 
The stronger side of the face varied from one region 
to the other in 12 subjects. Stronger movements were 


found on the same side of the face for all 3 regions 
in 8 cases. In 5 of these cases, the stronger side was 
on the left, and in 3, it was on the right. Taking the 
right side as 100%, the mean LRI was 101% + 8% 
(Table 2). This means that there was no significant 
dominance of one side of the face. 


Comparison With Subjective House-Brackmann 
and Fisch Grading Systems. Video prints of the same 
20 subjects were clinically assessed by 7 observers 
using the HB and Fisch grading criteria. Only 11 of 
20 subjects were classified as HB grade I. Four of 
the 7 observers attributed an HB grade II to 9 sub- 
jects because of an asymmetry of the mouth when 
smiling. Because the HB grading system does not 
allow averaging, the subjects had to be classified ac- 
cording to the majority decision. Both groups with 
either HB grade I or I showed a similar range of 
GSI values between 88% and 96%. 


The Fisch classification allows averaging of the 
percent grades given to the same subject by differ- 
ent observers. All subjects classified as HB grade II 
also had Fisch grades of less than 100%. The lowest 
value of 92% was given to 3 subjects. Subjects with 
Fisch grades of 100% (ie, “normal” facial move- 
ments) had a similar range of GSI as subjects with 
lower Fisch grades. 


DISCUSSION 


Facial grading systems are used to evaluate pa- 
tients with facial palsy. All subjective grading sys- 
tems depend on the perception of an observer. There- 
fore, the results are difficult to compare. Several 
groups have developed objective grading systems to 
eliminate interobserver differences. Most of these ob- 
jective systems are based on computerized linear mea- 
surements. !!-15 However, evaluation of area changes 
in the moving face is more comprehensive than the 
analysis of linear displacements. Therefore, a com- 
puterized objective scaling system based on lumi- 
nance variations of the skin in the face during change 
of facial expression was developed in this department 
in 1992.7-10 Independently, in the same year, a simi- 
lar system was proposed by Neely et al.16 


Every scaling system of facial motor function com- 
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pares pathological to presumed normal movements. 
In the subjective HB and Fisch grading systems, nor- 
mality is defined as complete symmetry of facial 
movements (grade I and 100%, respectively). Al- 
though it is well known from psychological stud- 
ies!7-19 that the human face is never 100% symmet- 
ric, the range of physiological, dynamic facial asym- 
metry still remains to be defined. 


The measurements obtained with the objective 
OSCAR method for the examined poses of the face 
(smiling, eye closure, forehead wrinkling) have re- 
sulted in a mean RSI of 91% to 93% and a GSI of 
92% for the normal human face. This means that the 
mean physiological asymmetry of facial motor func- 
tion is 7% to 9% (range 0% to 21%). 


Burres!! analyzed facial motor function in 30 
healthy subjects using linear distance measurements 
and found a mean global facial asymmetry of 6.4% 
+ 4.5% (no range is given). Kuzon et al!5 also evalu- 
ated normal facial movements with linear measure- 
ments. From their results, a global facial asymmetry 
of 3% to 14% can be extrapolated. In a further study, 
Isono et al!4 made a computerized analysis of the dis- 
placement of white marks attached to normal faces. 
During forced eye closure, the measured asymme- 
try was 3% to 16%. Yuen et al2° examined the facial 
movements of normal volunteers using moiré topog- 
raphy.”! Although 3 facial areas were assessed, only 





the asymmetry of the mouth region could be calcu- 
lated and was between 0% and 10%. All these re- 
sults are in good agreement with our measurements 
and confirm the fact that the definition of normal 
facial function in the HB and Fisch grading systems 
should comprise asymmetries of up to 10%. 


In subjective grading systems, normality is defined 
as 100% symmetry. The evaluation of normal facial 
movements in our study revealed 100% symmetry 
(ie, HB grade I and Fisch 100%) in only 55% of the 
cases. These 2 groups could not be distinguished by 
the objective OSCAR method. This raises the ques- 
tion whether normality should not also include HB 
grade II, with only slight asymmetry, and Fisch grades 
of 90% to 99%. The mean LRI demonstrated that no 
significant difference was measurable between the 
sides of the face. In contrast to a dominant cerebral 
hemisphere and a dominant hand, there is no domi- 
nant side of the face. 


CONCLUSIONS 


The objective analysis of normal facial movements 
resulted in the presence of a mean asymmetry of 8%, 
with a maximum dynamic asymmetry of about 20% 
for a single region of the face. The computerized 
OSCAR method is able to measure small physiologi- 
cal asymmetries. Subjective grading systems like the 
HB and the Fisch show difficulties in evaluating sub- 
tle differences. 
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RESISTANCE TO ANTIMICROBIALS USED FOR THERAPY OF 
OTITIS MEDIA AND SINUSITIS: EFFECT OF PREVIOUS 
ANTIMICROBIAL THERAPY AND SMOKING 


ITZHAK BROOK, MD, MSc ALAN E. GOBER, MD 
CHEVY CHASE, MARYLAND _ WASHINGTON, DC 


We undertook to identify the antimicrobial susceptibility of the pathogens isolated from patients with otitis media or maxillary 
sinusitis who failed to respond to antimicrobial therapy, and correlate it with previous antimicrobial therapy and smoking. We 
analyzed isolates recovered from 2 consecutive cultures obtained from middle ear aspirate obtained through an open perforation in 
22 children with otitis, and maxillary sinus aspirate collected by endoscopy from 20 patients. Forty-seven isolates were repeatedly 
recovered from 42 culture-positive individuals. The organisms isolated were Streptococcus pneumoniae (15 isolates), Haemophilus 
influenzae (14), Staphylococcus aureus (7), Moraxella catarrhalis (6), and Streptococcus pyogenes (5). Resistance of at least 2 tube 
dilutions to the antimicrobial agents used was found in 23 of the 47 (49%) isolates that were found in 20 (48%) of the patients. These 
included 10 of 15 (67%) isolates of S pneumoniae, 4 of 14 (29%) H influenzae (all were B-lactamase producers), 4 of 7 (57%) S 
aureus (all B-lactamase producers), 5 of 6 (83%) M catarrhalis (all B-lactamase producers), and none of 5 S pyogenes. In the 21 
patients who failed to respond to amoxicillin, H influenzae and S pneumoniae predominated. Streptococcus pneumoniae was recov- 
ered from 4 of the 11 (36%) after trimethoprim-sulfamethoxazole, 4 of 21 (19%) after amoxicillin, 2 of 3 (67%) after azithromycin 
dihydrate, and -1 of 4 (25%) after cefixime. A statistically significant higher recovery of resistant organisms was noted in those 
treated 2 to 6 months previously, and in those with sinusitis who smoked. The data illustrate the relationship between resistance to 
antimicrobials and failure of patients with otitis media and sinusitis to improve. 


KEY WORDS — antimicrobials, Haemophilus influenzae, Moraxella catarrhalis, otitis media, sinusitis, smoking, Streptococ- 
cus pneumoniae. 


INTRODUCTION formed 5 to 10 (average 6.4) days after therapy was 
started. An isolate similar to one recovered in the 
initial culture had to be present in the repeated cul- 
ture. None had had ear or sinus infection for at least 


The growing resistance to antimicrobial agents of 
all respiratory tract bacterial pathogens has made the 
management of otitis media and sinusitis more diffi- 


cult. Failure of antimicrobials to clear the infection 3 months before their initial visit, and they had not 
can be due to the persistence of pathogen(s) that are received antimicrobial therapy for at least 2 months. 
resistant to the antimicrobial used.!-7 Resistance to Antimicrobial dosages were those recommended by 
antimicrobials may develop as a result of recent anti- the manufacturer, and were chosen according to the 
biotic therapy. patients needs. Compliance with administration of 
antimicrobials was evaluated in all instances by ex- 
This study reports the authors’ recent experience amining the unused amount of medication. Past med- 
in evaluating the antimicrobial susceptibility of or- ical history, past antimicrobial therapy (2 to 6 months 
ganisms isolated from the middle ear and maxillary previously), and active or passive exposure to smok- 
sinus of patients who experienced a persistent or un- ing (more than 2 cigarettes per day) was correlated 
responsive infection. A correlation was made be- with the microbiological finding. 
tween past antimicrobial therapy and exposure to 
smoking. Otitis Media. Twenty-two children with otitis me- 
dia were included. Their ages ranged from 3 to 16 
PATIENTS AND METHODS years; 14 were boys. They had acute otitis media 
. . ; _ with spontaneous perforation that drained purulent 
The patients were seen in the outpatient clinic be- fluid. They continued to have drainage through the 
tween September 1990 and August 1997. Patients nonresolving perforation despite antimicrobial ther- 
included in the study were those who 1) complied apy. Specimens were collected as previously de- 
with the antimicrobial therapy but failed to respond scribed.8 
to the initial empiric antimicrobial therapy, 2) had 
persistent infection, and 3) were followed up by 1 Sinusitis. Twenty patients with acute maxillary si- 
repeated aspirate. The repeated aspirate was per- nusitis were studied. Their ages ranged from 17 to 
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INCREASE IN ANTIMICROBIAL RESISTANCE (AT LEAST TWO TUBE DILUTIONS) OF ORGANISMS ISOLATED 
FROM EAR AND SINUS ASPIRATES OF FORTY-TWO PATIENTS WHO FAILED ANTIMICROBIAL THERAPY 




















Preceding No.of Streptococcus Haemophilus Moraxella Streptococcus Staphylococcus Total 

Antimicrobial Patients pneumoniae influenzae catarrhalis pyogenes aureus Isolates 
Amoxicillin 21 4/6 2/8 4/4 0/2 2/3 12/23 
Trimethoprim- 

sulfamethoxazole 11 3/4 2/3 1/2 0/2 1/3 7/14 
Cefixime 4 1/2 0/1 1/1 2/4 
Cefuroxime axetil 3 0/1 0/2 0/3 
Azithromycin 

dihydrate - 3 2/2 0/1 2/3 
Total 42 10/15 4/14 5/6 0/5 A/T 23/47 


Data are number of isolates in which resistance increased for at least 2 tubes per total number of isolates. 





58 years; 11 were men. Specimens were obtained 
through endoscopy, and the sinus secretions were col- 
lected with calcium alginate-tipped microswabs. The 
methods of diagnosis of sinusitis and of specimen 
collection were those previously described.? 


Microbiology. Specimens were inoculated onto 
aerobic and anaerobic media and processed as previ- 
ously described.®.9 If the same organism was isolated 
from both aspirates in a case of bilateral disease, it 
was considered a single isolate for that patient. All 
isolates were kept frozen at -70°C until their suscep- 
tibility was tested. Antimicrobial susceptibility of all 
isolates was done by microdilution using cation-sup- 
plemented Mueller-Hinton broth plus 5% lysed and 
centrifuged horse blood as recommended by the Na- 
tional Committee for Clinical Laboratory Stan- 
dards.!° 8-Lactamase activity was determined on all 
isolates by the nitrocefin method.!! 


RESULTS 


Forty-seven isolates were repeatedly recovered 
from 42 culture-positive individuals. The organisms 
isolated were Streptococcus pneumoniae (15 iso- 
lates), Haemophilus influenzae non-type b (14), 
Staphylococcus aureus (7), Moraxella catarrhalis 
(6), and Streptococcus pyogenes (5; see Table). 


Resistance of at least 2 tube dilutions to the antimi- 
crobial agents used was found in 23 of the 47 (49%) 
isolates that were found in 20 (48%) of the patients. 
These included 10 of 15 (67%) S pneumoniae iso- 
lates, 4 of 14 (29%) H influenzae (all were B-lacta- 
mase producers), 4 of 7 (57%) S aureus (all B-lacta- 
mase producers), 5 of 6 (83%) M catarrhalis (all B- 
lactamase producers), and none of 5 S pyogenes. 


In the 21 patients who failed to respond to amox- 
icillin, H influenzae and S pneumoniae predominated 
(see Table). Streptococcus pneumoniae was recov- 
ered from 4 of the 11 (36%) patients who failed tri- 
methoprim-sulfamethoxazole, 4 of 21 (19%) who 
failed amoxicillin, 2 of 3 (67%) who failed azithro- 


mycin dihydrate, and 1 of 4 (25%) who failed cefix- 
ime. Haemophilus influenzae was recovered from 2 
of the 11 (18%) who failed trimethoprim-sulfameth- 
oxazole, and 2 of 21 (9%) who failed amoxicillin. 


A correlation between antimicrobial resistance and 
patients’ medical history was noted in only 2 items. 
These included previous antimicrobial therapy in 16 
of 24 (67%) treated, compared to 3 of 18 (17%) 
untreated patients (p < .05), and smoking in 8 of 11 
(73%) with sinusitis compared to no smoking in 2 
of 9 (22%). 


DISCUSSION 


These data illustrate the relationship between re- 
sistance to antimicrobials and failure to improve of 
patients with otitis media and sinusitis. These find- 
ings confirm previous reports in which such a rela- 
tionship was found.!-7 Harrison et al? illustrated a 
higher rate of isolation of H influenzae and S aureus 
in patients with recently treated or persistent otitis 
media compared to untreated acute otitis media. In 
contrast, Pichichero and Pichichero® showed a lower 
rate of recovery of resistant organisms from persis- 
tent otitis media. 


The recovery in 20 (48%) of our patients of organ- 
isms that were susceptible to the antimicrobial used 
is similar to that reported by Pichichero and Pich- 
ichero® (42 of 137 or 31%). These findings suggest 
that factors other than antimicrobial susceptibility 
can contribute to persistent infection. These include 
the presence of a concomitant viral infection, !? bio- 
availability of the antimicrobials, penetration into the 
middle ear and sinus fluid, and activity in the pus. 


This study highlights the important role of antibi- 
otic-resistant pathogens in the failure to eradicate oti- 
tis media and sinusitis. The growing resistance of 5S 
pneumoniae to penicillin and other antimicrobials 
such as trimethoprim-sulfamethoxazole and macro- 
lides!3 and the production of -lactamase by H in- 
fluenzae and M catarrhalis'4 are the major causes of 
resistance. Selection of antimicrobial agents can be 
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improved by knowledge of the resistant pattern of 
the organisms in the community, by consideration 
of the effect of previous antimicrobial therapy!* or 
prophylaxis!5 that may select resistant strains, and 
by selective use of tympanocentesis that can be both 
diagnostic and therapeutic. !6 


The correlation between the increased recovery 
rate of antimicrobial-resistant bacteria and previous 
antibiotic therapy has been previously described. !4!5 





However, the association between smoking and in- 
creased antimicrobial resistance has not been pre- 
viously described. Active and passive smoking has 
been shown to increase susceptibility to respirato- 
ry infection, !7.18 which may expose the patient to re- 
peated courses of antimicrobials. Passive smoking 
increases the carriage of H influenzae and S pneumo- 
niae in children.!9 Further studies are warranted to 
investigate the association between smoking and re- 
sponse to antimicrobial therapy. 
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EXPRESSION OF INTERCELLULAR ADHESION MOLECULE-1 IN RAT 
INNER EAR DUE TO BACTERIAL OTITIS MEDIA 
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Expressions of anti-Streptococcus pneumoniae antibody and anti—intercellular adhesion molecule—1 (ICAM-1) antibody in the 
inner ear were studied immunohistochemically in rats following inoculation of S pneumoniae type 6A into the middle ear cavity. 
Positive staining with anti-S pneumoniae antibody was detected in the marginal cells of the stria vascularis of rats sacrificed 3 days 
after S pneumoniae inoculation, but almost no staining was detected in those sacrificed at 14 days. Strong ICAM-1 expression was 
detected in the basal cell layer of the stria vascularis of rats sacrificed 3 days after inoculation, but the intensity of the staining had 
decreased by 14 days. These results suggest that the stria vascularis may be a site of the inner ear damage that follows bacterial 
inoculation into the middle ear cavity. The up-regulated expression of ICAM-1 in the basal cell layer may represent a reaction of the 


inner ear to the bacterial otitis media. 


KEY WORDS — adhesion molecule, otitis media, rat, Streptococcus pneumoniae, stria vascularis. 


INTRODUCTION 


Several types of otitis media, including acute oti- 
tis media, mucous otitis media, and chronic otitis 
media, are caused by bacterial infection in the middle 
ear. In some clinical cases, otitis media is accompa- 
nied by inner ear disturbances that cause sensorineu- 
ral hearing loss, especially in the high frequencies.! 
To elucidate the influence of the otitis media on the 
inner ear, animal studies have been conducted in 
chinchillas?6 and rats.”-? These studies have demon- 
strated morphologically and physiologically that bac- 
terial exotoxins2-+8.9 and endotoxins>-’ instilled into 
the middle ear cavity pass through the round win- 
dow membrane (RWM) and cause inner ear dam- 
age. Recently, a newly developed polymerase chain 
reaction assay revealed evidence of a higher rate of 
pneumococcal causation in children with acute oti- 
tis media than is detected by bacterial culture, indicat- 
ing that pneumococcus is highly causative of otitis 
media.!° Studies of the inner ear effects of Strepto- 
coccus pneumoniae instillation into the middle ear 
cavities have also been conducted in chinchillas,3.6 
but anatomic differences exist between human and 
chinchilla middle ears. Rats are known to be a more 
suitable model for the study of otitis media, due to 
the anatomic similarities between human and rat mid- 
dle ears.}! 


Intercellular adhesion molecule—1 (ICAM-1), a 
member of the immunogloblin supergene, family, is 
up-regulated in immune responses or inflammation, 
and mediates cell activation:and migration. It is ex- 
pressed in fibroblasts, leukocytes, endothelial and 
epithelial cells, and many-tumor cells. Adhesion 
molecules are known-to play an important role not 
only in middle ear disease, including otitis media with 
effusion!2 and cholesteatoma, '> but also in inner ear 
inflammation. 4-16 


To investigate the effects of bacterial otitis media 
on the cochlea, $ pneumoniae type 6A was inoculat- 
ed into middle ears of rats, and immunohistochemi- 
cal methods were used to study the expression of 
anti-S pneumoniae antibody and amti ICAM: 1 anti- 
body in the inner ear. 


MATERIALS AND METHODS 


Animals and Experimental Design. Eighteen 
healthy female Sprague-Dawley rats weighing 175 
to 225 g were used in this study, During bacterial 
inoculation and at the time of sacrifice, animals were 
anesthetized with a mixture of ketamine hydrochlo- 
ride (40 mg/kg), xylazine hydrochloride (8 mg/kg), 
and acepromazine maleate (1 mg/kg) administered 
intramuscularly. Bacterial inoculation was performed 
under the microscope, by instilling S pneumoniae 
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Fig 1. Immunohistochemical staining with anti-Strepto- 
coccus pneumoniae antibody in stria vascularis of S pneu- 
moniae—inoculated rats. Scale bars — 20 um. A) Posi- 
tive staining (arrows) in marginal cells of rat sacrificed 
at 3 days. B) No staining in rat sacrificed at 14 days. 


type 6A (5.0 x 107 colony-forming units per millili- 
ter) into the right middle ear cavity of each animal 
through the tympanic membrane with a 25-gauge 
needle. No treatment was performed on the left ear 
of each animal. As a control, another group of ani- 
mals received phosphate-buffered saline in the right 
middle ear cavity instead of S pneumoniae. Animals 
were painlessly sacrificed 3 days or 14 days follow- 
ing bacterial inoculation. 


Tissue Preparation. Following sacrifice by intra- 
cardiac perfusion with periodate-lysine-4% para- 
formaldehyde fixative, the right temporal bone of 
each animal was removed and was fixed by the same 
fixative overnight at 4°C. All temporal bones were 
decalcified in 10% ethylenediaminetetraacetic acid 
and embedded in compound medium for frozen sec- 
tions. Some temporal bones from the inoculated rats 
and controls were fixed by 10% buffered formalin 
and embedded in paraffin for hematoxylin and eosin 
staining. 


Immunohistochemical Staining. Frozen tissue 
blocks of temporal bones containing the middle ear 
and the inner ear were sectioned at a thickness of 10 
to 12 um, and sections were attached on poly-L-ly- 
sine (Sigma, St Louis, Mo)-coated slides. Sections 
were incubated with rabbit anti—§ pneumoniae anti- 
body (Biodesign International, Kennebunk, Maine) 
or monoclonal mouse anti-rat ICAM-1 (CD54) anti- 


body (Genzyme, Cambridge, Mass) as the primary 
antibody, and biotin-goat anti-mouse IgG or anti-rab- 
bit IgG (Sigma) as the secondary antibody. To re- 
move endogenous peroxidase, the slides were treated 
with 0.3% hydrogen peroxide in methanol. After in- 
cubation with avidin and biotinylated horseradish 
peroxidase reagents (Dako, Carpinteria, Calif), sec- 
tions were developed with 3,3'-diaminobenzidine tet- . 
rahydrochloride and hydrogen peroxide, and counter- 
stained with methyl green. Sections without primary 
antibody treatment served as negative controls. 


RESULTS 


Hematoxylin and eosin staining revealed acute in- 
flammatory reactions in the middle ears of rats sacri- 
ficed 3 days after S pneumoniae inoculation, includ- 
ing infiltration of inflammatory cells, especially poly- 
morphonuclear cells, in both the epithelial and sub- 
epithelial layers. Polymorphonuclear cells were also 
detected in the fibrous layer of the RWM and, occa- 
sionally, in the perilymphatic space of the scala tym- 
pani of the basal turn. These inflammatory changes 
were less extensive in rats sacrificed 14 days after 
inoculation. The inner ears of the inoculated rats 
showed no distinctive pathological changes at either 
3 days or 14 days after § pneumoniae inoculation. 


Immunohistochemical examination of the rat in- 
ner ears using anti-S pneumoniae antibody showed 
positive staining in the marginal cells of the stria vas- 
cularis (Fig 1A), but the positive staining was not 
necessarily intense in the lower turns. At 14 days 
after inoculation, no or occasionally weak staining 
was detected in the marginal cells of the stria vascu- 
laris (Fig 1B). No positive staining was detected in 
the control animals. 


Weak staining with anti-ICAM-1 antibody was 
detected in the basal cell layer of the stria vascularis 
of the control animals (Fig 2A), while strongly posi- 
tive staining was observed in the basal cell layer of 
the stria vascularis of the rats sacrificed 3 days after 
inoculation (Fig 2B). At 14 days after inoculation, 
the staining in the basal cell layer was less intense 
(Fig 2C). The Table shows the results of immunohis- 
tochemical staining in the inner ears of the inoculat- 
ed rats. 


DISCUSSION 


The RWM is the most important pathway through 
which: bacterial toxins pass from the middle to the 
inner ear. Structural changes of the RWM have been 
studied in chinchillas? and rats,!’ after middle ear 
application of bacterial exotoxin. Bacterial toxins 
have been surmised to promote the permeability of 
the RWM.4 Severe toxin-mediated inner ear dam- 
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age, including inflammatory cell infiltration in the 
perilymphatic space, bleeding in the spiral ligament, 
vacuolization of the stria vascularis, and hair cell 
damage, was demonstrated in a study in chinchil- 
las.5 and these inner ear changes were considered to 
be irreversible.’ Streptococcus pneumoniae type 7F 
inoculated into the middle ear was found to enter 
myelinated nerves and spread into the organ of Corti 
in the chinchilla model.® 


The anti-S pneumoniae antibody used in the pres- 
ent study detects specific protein from a type 3 clini- 
cal specimen and reacts against all $ pneumoniae 
serotypes. In a preliminary study, $ pneumoniae was 
inoculated into the tympanic bulla of rats by a ven- 
tral approach, and the results were the same, in terms 
of histopathologic findings, as those presented in this 
paper. To keep surgical invasion to a minimum, bac- 
terial inoculation was performed through the tympan- 
ic membrane. 


Studies of the inner ear disturbances of rats follow- 
ing bacterial toxin application into the middle ear 


Fig 2. Immunohistochemical staining 
with anti—intercellular adhesion mole- 
cule-I antibody in stria vascularis. Scale 
bars — 20 um. A) Weakly positive stain- 
ing (arrows) in basal cell layer of stria 
vascularis of control rat. B) Strongly 
` positive staining (arrows) in basal cell 


j \ ‘ layer of rat sacrificed at 3 days, C) De- 


$ creased intensity of staining (arrows) in 
“ basal cell layer of rat sacrificed at 14 
days. 


differ from those of the chinchilla model, in that the 
changes appear to be reversible.’” Stenqvist et al? 
demonstrated in rats that electrophysiological chang- 
es of the inner ear were most severe 48 hours after 
bacterial exotoxin inoculation into the middle ear, 
and were found to be expressed most often in the 
higher-frequency region tonotopically adjacent to the 
RWM. This finding has been supported by clinical 
observation of sensorineural hearing loss in the high 
frequencies following otitis media.! In the present 
study, S pneumoniae-positive staining was detected 
in the marginal cells of the stria vascularis of rats 
sacrificed 3 days after inoculation. More severe in- 
ner ear disturbances have been found in the lower 
turns of animal models following bacterial toxin in- 
oculation into the middle ear?7®; however, the posi- 
tive staining found in the stria vascularis was not 
necessarily intense in the lower turns, and does not 
support more severe disturbances in the lower turns. 


In a study of lipopolysaccharides injected directly 
into the perilymphatic space of guinea pigs, endotox- 
ic damage in the stria vascularis was suggested to be 














3 Days 14 Days 
Basal Second Apical Basal Second Apical 
Antibodies Against Sites Turn Turn Turn Turn Turn Turn 
Streptococcus pneumoniae Marginal cell of +10 ++ -+ + to ++ -t0 + -t0 + -= 
stria vascularis 
Intercellular adhesion Basal cells of ++ to +++ +e +++ + + + 


molecule- 1 stria vascularis 





—— negative; + — weakly positive; ++ — moderately positive: +++ — strongly positive. 
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responsible for the inner ear disturbances following 
otitis media.!8 The S pneumoniae—positive staining 
seen in the present study may support the hypothe- 
sis that dysfunction of the stria vascularis, especially 
of the marginal cells, could be responsible for senso- 
rineural hearing loss following bacterial otitis me- 
dia. 

Intercellular adhesion molecule—1 is a member of 
the immunoglobulin supergene family. It has a wide 
tissue distribution on both hematopoietic and nonhe- 
matopoietic cells. Expression of ICAM-1 is present 
at the basal level in normal tissues, and in high lev- 
els in inflamed tissues.!9 All cells containing ICAM- 
1 play an important role in immune or inflammatory 


responses. Up-regulation of ICAM-1 has been dem- ~ 


onstrated in otitis media with effusion,!2 cholestea- 
toma,!3 and inner ear inflammation.'4 In a study of 
keyhole limpet hemocyanin inoculation into the scala 
tympani of rats systematically sensitized to keyhole 
limpet hemocyanin, expression of ICAM-1 was de- 
tected in the endothelium of the spiral modiolar vein 
and its collecting venules, the mesothelium of the 
perilymphatic space, the perineurium of the cochlear 
nerve, the spiral ligament, the basal cells of the stria 
vascularis, the epithelium of the endolymphatic sac, 
and the perisaccular region.'4 Prophylactic use of 
monoclonal antibody against ICAM-1 reduced in- 
ner ear inflammation induced by a secondary immune 
reaction, suggesting an important role of ICAM-1 
in inner ear immunology.!® 


In the present study, strongly positive ICAM-1 
staining was detected in the basal cell layer of the 
stria vascularis of rats sacrificed 3 days after inocula- 





tion. At 14 days, the intensity of the staining had 
diminished. Although positive staining was also de- 
tected in the inner ears of the control animals, the 
expression of ICAM-1 seen in the basal cell layer 
was considered to be up-regulated during the infec- 
tion. Expression of [CAM-1 was not detected in any 
other site of the cochlea. The evidence of ICAM-1 
up-regulation in the stria vascularis, demonstrated 
to be the main site targeted by S pneumoniae, may 
provide essential clues to inner ear effects due to bac- 
terial otitis media, although the exact significance 
of ICAM-1 expression in the basal cell layer is un- 
clear. 


Capillaries entering and leaving the stria vascularis 
are surrounded by layers of basal cells and fibrocytes, 
and it can be speculated that these layers would con- 
trol the vascular flow out of the stria vascularis.2 
Expression of ICAM-1 has an apparent relationship 
to blood flow. In vascular endothelial cells, shear 
stress generated by increased blood flow has been 
demonstrated to up-regulate expression of ICAM- 
1.21 Anti-ICAM-1 antibody has been shown to have 
a significant effect in preserving microvascular blood 
flow in human wounds.?? Considering these find- 
ings, up-regulation of ICAM-1 expression in the ba- 
sal cell layer may represent a reaction to bacterial 
infection that alters blood flow in the stria vascularis. 


Further studies are needed to elucidate the mean- 
ing of ICAM-1 expression in the stria vascularis. This 
study provides insight into the effect of bacterial otitis 
media on inner ear function, in relation to expres- 
sion of adhesion molecules in the inner ear. 
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SPONTANEOUS CEREBROSPINAL FLUID OTORRHEA FROM A 
TEGMEN DEFECT: TRANSMASTOID REPAIR WITH 
MINICRANIOTOMY 
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Spontaneous cerebrospinal fluid (CSF) otorrhea is a rare condition that presents in 2 clinical categories. In congenital labyrin- 
thine malformations, it leads to bouts of meningitis in a hearing-impaired child. In the adult age group, a spontaneous CSF leak 
almost always results from a dural and bony defect in the tegmen area. Possible pathogenic mechanisms include progressive sagging 
and rupture of dura through a congenital tegmen dehiscence and progressive bone erosion by aberrant arachnoid granulations. These 
patients usually present with a middle ear effusion, resulting in clear discharge after myringotomy with tube insertion. Based on 4 
patients with a CSF leak from a tegmen defect, this report reviews the clinical findings and diagnostic approach. The surgical 

` management by a 5-layer closure using a transmastoid approach with minicraniotomy is outlined. This procedure offers a relatively 
simple and reliable method for repair without the inherent risks of a middle fossa craniotomy. 


KEY WORDS — abnormalities, cerebrospinal fluid otorrhea, encephalocele, meningocele, otitis media with effusion. 


INTRODUCTION 


Leakage of cerebrospinal fluid (CSF) through the 
temporal bone is mostly secondary to accidental or 
surgical trauma, infection, or a neoplasm. There may, 
however, be no apparent cause, and then the CSF 
otorrhea is defined as being spontaneous. Spontane- 
ous CSF otorrhea is a rare condition that presents in 
2 major clinical categories, according to age. 


In childhood, a congenital labyrinthine malforma- 
tion often engenders a free communication between 
the subarachnoid and perilymphatic spaces. This al- 
lows CSF to flow directly from the internal auditory 
canal to the oval and round windows. Eventually, 
the CSF reaches the middle ear compartment, either 
after a minor head trauma; spontaneously, due to 
pressure erosion of a (defective) footplate; or in the 
form of a surgically induced perilymphatic gusher, 
as is possible with cochlear implantation in Mon- 
dini’s dysplasia or stapedotomy in X-linked progres- 
sive mixed deafness. Other and perilabyrinthine path- 
ways of spontaneous and congenital CSF fistulas 
have been reported occasionally — 3 via a widened 
fallopian canal, and 2 via Hyrtl’s fissure — and the 
possibility of a leak via the petromastoid canal encas- 
ing the subarcuate artery has been invoked. 12 Spon- 
taneous CSF leakage in a congenitally malformed 
ear manifests itself clinically as a history of recur- 
rent bouts of meningitis. Due to the preexisting 
cochleovestibular deficit, both the middle ear effu- 
sion (which is a frequent finding in children) and 
the intermediate stage of labyrinthitis pass unnoticed. 


A presumably smaller group of patients present 
with spontaneous CSF otorrhea at an older age, be- 
tween 40 and 70 years.” The leak results from a du- 
ral and mastoid plate defect, most often in the middle 
cranial fossa, and more precisely in the area of the 
tegmen tympani. When extensive, the defect usu- 
ally admits the herniation of brain tissue (encepha- 
locele), while a small defect contains only arachnoid 
tissue (meningocele). The usual picture is that of 
middle ear effusion resulting in clear discharge after 
myringotomy with ventilation tube insertion. In 
1995, May et al? reviewed the literature on sponta- 
neous CSF leaks in the temporal bone and added 12 
institutional cases to a total of 44 reported. They thus 
suggested that this entity might be more prevalent 
than previously thought. In keeping with this, Pappas 
et al* counted 61 cases up to 1996, nearly half of 
them being reported since 1992. The same group 
identified 5 cases in 3 years.> We recently diagnosed 
3 cases within a year and report here our experience 
with 4 institutional cases of adult-onset spontane- 
ous CSF otorrhea. 


CASE REPORTS 


Case 1. A 64-year-old man was first seen in 1986 
with right-sided otorrhea of half a year’s duration. 
The otorrhea followed the insertion of a ventilating 
tube, most likely after a diagnosis of serous otitis 
media. There had been no prior history of head 
trauma, infection, or ear surgery. Physical examina- 
tion showed a Goode T-tube surrounded by a small 
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Fig 1. (Case 2) Coronal computed tomography scan 
of right temporal bone. Middle ear cavity is completely 
obliterated. Small interruption is suspected in tegmen, 
just medial to Koerner’s septum (arrows), Asterisk 
internal auditory canal, V — vestibule. 


amount of watery discharge. Audiometry showed a 
20-dB conductive hearing loss. The discharge was 
clear and said to be copious at times. As proof, the 
patient brought a 10-mL sample of clear fluid, which 
contained 48 mg/dL glucose. A computed tomogra- 
phy (CT) scan did not show structural inner ear de- 
formities, but was read as not conclusive with re- 
gard to the tegmen. Mastoidectomy demonstrated a 
large encephalocele protruding from a bony defect 
in the tegmen overlying the antrum. With manipula- 
tion, clear fluid could be seen escaping along the 
brain herniation. Because of its dimensions, the teg- 
men defect was addressed by the middle fossa ap- 
proach in the neurosurgery department. The dural 
defect was repaired by direct suture, and the tempo- 
ral bone defect was closed with autologous cortical 
bone fragments. The patient remained asymptom- 
atic 18 months following surgery. 


Case 2. A 71-year-old man presented with a long- 
standing history of right ear fullness, pulse-synchro- 
nous tinnitus, and hearing loss, with temporary re- 
lief after myringotomy. There was no history of head 
trauma, infection, or ear surgery. Physical examina- 
tion revealed an opaque tympanic membrane on both 
sides. Audiometry showed a right-sided conductive 
hearing loss of about 50 dB. Repeat myringotomy 
showed clear fluid, and a tube was inserted. In the 
following weeks, the patient noticed clear discharge, 
but only at night. On 3 different occasions, otomi- 
croscopy revealed either no or only minute amounts 
of fluid around the tube, even after squeezing of the 
internal jugular vein. Yet, this small fluid sample suf- 
ficed to identify 2 electrophoretically separated bands 
of transferrin, confirming the CSF nature. A CT scan 
(Fig 1) did not demonstrate a distinct tegmen defect, 
although the right middle ear and mastoid were com- 


pletely opacified and the tegmen line was blurred in 
a small area just medial to Koerner’s septum. In that 
particular area, some granulation tissue was disclosed 
at mastoid exploration. With manipulation, a CSF 
leak became apparent. A minicraniotomy® was per- 
formed, and the defect was closed as described in 
the Discussion. A spinal drain, which was inserted 
in the operating room before surgery, was allowed 
to drain immediately after sealing the leak and was 
removed 5 days later. Almost 2 years later, the pa- 
tient remains symptom-free. 


Case 3. A 51-year-old man was referred with a 6- 
month history of intermittent clear discharge and 
persistent hearing loss in the right ear after myrin- 
gotomy with tube insertion performed elsewhere. He 
denied any head trauma, infection, or prior ear sur- 
gery. Physical examination showed a moist external 
canal. Audiometry showed a right-sided conductive 
hearing loss of 15 dB. A CT scan revealed a large 
tegmen defect extending from Koerner’s septum to 
the incudal body (Fig 2A). There was an associated 
soft tissue density that on magnetic resonance imag- 
ing (MRI) demonstrated slight spontaneous hyper- 
intensity and distinct partial enhancement (Fig 2B) 
suggesting inflammatory tissue. Mastoidectomy dis- 
closed CSF flowing from a seeming inflammatory 
mass that was amputated and on pathological exam- 
ination proved to be a brain herniation covered by 
inflamed mucosa. The defect was closed as described 
in the Discussion. The lumbar drain was removed 
after 3 days because of headache and insufficient ex- 
ternal drainage. Eighteen months after surgery, the 
patient continues to be symptom-free. 


Case 4. A 60-year-old man who had been found 
to have Goodpasture’s syndrome and was on dialy- 
sis presented with a dull tympanic membrane and a 
25-dB conductive hearing loss on the right side. The 
history was negative with regard to head trauma, in- 
fection, or ear surgery. Myringotomy yielded rather 
purulent material, which continued to flow profusely 
for weeks despite aggressive systemic and local anti- 
biotherapy and progressively evolved to a more wa- 
tery color. A B2-transferrin test was positive. A CT 
scan showed a questionable tegmen defect located 
quite laterally, just underneath the mastoid cortex. 
The ear dried up a couple of days before planned 
surgery, and the patient declined further treatment. 


DISCUSSION 


Spontaneous CSF otorrhea is a rare condition that 
presents in 2 major clinical categories according to 
age. In childhood, it is due to a congenital labyrin- 
thine malformation. Clinically, this presents as a his- 
tory of recurrent bouts of meningitis in a hearing- 
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Fig 2. (Case 3) A) Coronal computed tomography scan of right temporal bone. Defect is shown in tegmen tympani, just 


medial to Koerner’s septum (arrows). Underlying antrum is completely obliterated. Asterisk 


internal auditory canal 


V — vestibule. B) Tl-weighted gadolinium-enhanced spin-echo image, 450/14/4 (repetition time/echo time/acquis! 
tions), through right temporal bone. Defect in tegmen tympani is again demonstrated (long arrows). Tissue, isointense 
with gray matter, is extending through defect into antrum (large arrow). In antrum, this tissue is surrounded by area of 
higher signal intensity (arrowheads), probably representing enhancing inflammatory or granulation tissue. Asterisk 


internal auditory canal. 


impaired child. In adulthood, it is due to a bony and 
dural defect, occurring most often in the area of the 
tegmen tympani. The exact pathogenesis remains ob- 
scure, although it may possibly involve a (minor) 
congenital anomaly in the adult-onset group as well. 


One or more bony dehiscences in the tegmen were 
found in about 20% of randomly selected temporal 
bones in 3 separate studies.” They were thought to 
account for a number of fatalities, with air being 
driven intracranially through the defect after myrin- 
gotomy and external ear canal insufflation in the 
treatment of (apparent) serous otitis media. These de- 
fects might also be responsible for spontaneous CSF 
leaks, by way of a l-way valve system. Hereby, the 
pulsatile CSF pressure progressively drives the dura 
through the dehiscence, and the dura cannot return, 
due to the blocking action of brain tissue.'” More- 
over, the dura weakens with aging. Finally, the sag- 
ging dura and arachnoidea would rupture and create 
a CSF leak. The question arises, however, as to why 
only a minor fraction of patients with a presumed con- 
genital tegmen defect develop a CSF leak. Increased 
intracranial pressure, low-grade mastoid inflamma- 
tion, and dural weakening with age have been postu- 
lated as contributing factors. Increased intracranial 
pressure might be responsible for the development 
of multiple skull base CSF fistulas, not only in the 
tegmen, but in the ethmoid and sphenoid sinuses as 
well.34 


Richard Gacek!!-!* suggests another theory on the 
origin of spontaneous CSF leaks, predicated on arach- 
noid granulations. Arachnoid granulations, also 
known as arachnoid villi or Pacchioni’s granulations, 
represent the principal mechanism for CSF resorp- 


tion. They consist of pedunculated protrusions of 
arachnoidal tissue into the lumen of a venous sinus 
— mainly the superior sagittal sinus and its branches. 
The dura, which still encloses them, is reduced to a 
tiny membrane. The pressure difference drives the 
CSF into the venous blood. In older people, the arach- 
noid granulations increase in size and may penetrate 
the bone, seeking contact with the diploic veins.'* 
This causes the so-called foveolae granulares, little 
pinholes that can be seen along the middle line of 
the skull vault inner surface. The appearance of arach- 
noid granulations in the dural surfaces of the tempo- 
ral bone probably represents a congenital anomaly, 
since they have no contact with a venous sinus. Al- 
ternatively, their location in the posterior fossa du- 
ral lining might represent an aborted attempt to reach 
the sigmoid sinus in order to resorb CSF.!! 


Gacek'!-!? suggests that the pulsatile pressure of 
the CSF inside these arachnoid granulations produces 
bone erosion and thus a communication with mas- 
toid air cells. Moreover, in older people, arachnoid 
granulations exhibit a particular propensity to invade 
bone, as stated above. So far, however, temporal bone 
arachnoid granulations have only been reported on 
the posterior fossa plate, whereas spontaneous CSF 
leaks involving the posterior fossa plate are rare.**-!! 
Little pinholes have been observed in the middle fos- 
sa surface in 22% of dried temporal bone specimens,” 
concurring with the 21% incidence of presumed con- 
genital tegmen dehiscences.’ Whether both findings 
reflect the actual occurrence of arachnoid granula- 
tions through one fifth of middle fossa plates, as sug- 
gested by Gacek,!'! remains to be proven. By anal- 
ogy, arachnoid granulations may also be found in 


656 Kuhweide & Casselman, Spontaneous Cerebrospinal Fluid Leak 


the roof of the sphenoid and ethmoid sinuses, where 
they have been associated with spontaneous CSF rhi- 
norrhea.!4 


The usual clinical picture is that of an adult with 
middle ear effusion, resulting in clear discharge af- 
ter myringotomy with (or sometimes without, as in 
case 4) ventilation tube insertion. Frequently, the dis- 
charge only manifests in the supine position. Com- 
pression of the jugular vein or performance of the 
Valsalva maneuver may precipitate the discharge. In 
contrast to the pediatric age group, only about one 
tenth?> to one fifth® of the adults have a history of 
meningitis. A salty taste and watery rhinorrhea are 
infrequent findings in these patients, probably be- 
cause the flow rate of CSF leakage and subsequent 
exit through the eustachian tube is low. All 4 cases 
presented were in middle-aged to elderly men. In 
the literature, however, women outnumber men.? All 
4 had their leak on the right side, and remarkably, 
the same holds true for the majority of reported cases. 
Perhaps this reflects the usual right-sided dominance 
in the venous outflow of the brain, which is presump- 
tively attributed to the lower pressure in the right 
jugular bulb due to a gravitation effect and the di- 
rect suction action from the right cardiac atrium dur- 
ing diastole.!5 Attempts to correlate the venous out- 
flow of the brain to muscle development in connec- 
tion with right-handedness have given inconsistent 
results.!6 Curiously, a marked right-sided dominance 
was noted in the rare postsurgical occurrence of brain 
herniation in chronic otitis media as well.!7 


Diagnosis largely depends on suspicion. Identifi- 
cation of B2-transferrin in a fluid sample currently 
is the most simple and reliable way to demonstrate 
that the clear discharge has a CSF source.!8 The main 
advantages of this technique compared to glucose 
testing are that it requires only a small amount of 
fluid and contamination by pus or blood does not 
invalidate the test. High-resolution CT may show a 
discontinuity of the tegmen plate associated with a 
soft tissue density in the mastoid. The soft tissue den- 
sity may represent either granulation tissue or brain 
tissue, an encephalocele being present in about 75% 
of the cases. Magnetic resonance imaging has not 
proven to be of great use, since herniated brain tis- 
sue is nonfunctioning and hence does not show the 
same MRI characteristics as normal brain tissue. Re- 
cently, flow-sensitive MRI has emerged as a prom- 
ising technique in the evaluation of CSF leaks.!9 In- 
trathecal‘injection of iodine-containing radiocontrast 
agents may be beneficial in identifying the fistulous 
tract in patients with several traumatic skull base 
defects, but seems superfluous when a positive B2- 
transfertin-tést in the ear prompts a surgical explora- 


tion. Moreover, the diagnostic ability of intrathecal 
contrast studies drops dramatically when one is deal- 
ing with intermittent leaks.>-!9 In these circumstances, 
radionuclide cisternography is more helpful, but it 
significantly lacks spatial resolution. Intrathecal ra- 
diolabeled albumin may still play a role in exclud- 
ing slow CSF egress from a skull base defect as an 
underlying cause of recurrent meningitis in a patient 
with intact tympanic membranes. Overall system- 
atic application of any form of cisternography in the 
diagnostic workup of a spontaneous CSF leak is not 
advocated.>-!2 On the other hand, intrathecal fluores- 
cein injection may take part in the surgical treatment 
of CSF leaks. In case no CSF leak is found or if ade- 
quate sealing of the leak is doubtful, fluorescein can 
be injected into the lumbar drain inserted prior to 
surgery. Since transient neurologic complications20 
have occurred with the use of fluorescein, the intra- 
thecal injection of Ringer’s solution along with posi- 
tive pressure ventilation may be a relatively safe al- 
ternative. If the fluorescein dye is diluted sufficient- 
ly, however, significant adverse effects are not ex- 
pected.3.10,21 


A positive §2-transferrin test justifies a surgical ex- 
ploration, for the condition is life-threatening.3.8 Com- 
puted tomography serves as a guide in defect local- 
ization and appropriate surgical approach.> Rarely, 
a defect is found in the posterior fossa plate or in the 
tegmen overlying the mastoid. Treatment then con- 
sists of a canal wall—up mastoidectomy with fat oblit- 
eration of the cavity. Total middle ear fat obliteration 
would be appropriate should there be no serviceable 
hearing, possibly as part of a subtotal petrosectomy 
procedure. A middle fossa approach seems indicated 
only when dealing with one of the following situa- 
tions: a recurrence after attempted closure from the 
mastoid, a very large tegmen tympani defect, mul- 
tiple tegmen defects, or a defect in the anterior in- 
accessible part of the tegmen with serviceable hear- 
ing. Multisite involvement occurs in 5% to 10% of 
cases.* 


In the vast majority, the defect is either question- 
able on CT or localized in the posterior part of the 
tegmen tympani, which is accessible from the mas- 
toid — if necessary, by including removal of the in- 
cus and malleus head and subsequent incus interpo- 
sition. The preferred surgical technique in these cir- 
cumstances is a transmastoid repair with a minicrani- 
otomy, as proposed by Adkins and Osguthorpe.® A 
very restricted craniotomy is fashioned in the tem- 
poral squama, exposing the dura just superior to the 
tegmen plate and lateral to the site of the leak. The 
dura is carefully elevated from the tegmen, and any 
herniated brain tissue is cauterized and amputated. 
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This technique was successfully used in 2 of our 
cases. The defect was closed in 5 layers. Intracrani- 
ally, a piece of temporal fascia was placed against 
the dura and a slice of conchal cartilage was put over 
the defect. In both cases, after release of the elevated 
dura, these layers were sufficient to stop the CSF 
leak. The third layer consisted of closure of the bony 
defect from the mastoid surface. This was done by 
filling the gap with bone paté mixed with fibrin glue, 
covered by a second piece of temporal fascia. To pro- 
vide additional support, in the first case a pedicled 
temporalis muscle flap was rotated into the cavity, 
as described by Adkins and Osguthorpe.® The place- 
ment of a roll of silicone sheeting? was found to be a 
more elegant solution in the second case, while at 
the same time ensuring mastoid ventilation in a more 
reliable way. The preoperative placement of a lum- 
bar drain assists in reducing the CSF pressure dur- 
ing closure of the leak, if required. It would also al- 
low the intrathecal injection of Ringer’s solution or 
fluorescein when no leak is found. Postoperative 
lumbar CSF drainage can act as a safety measure, 
the duration depending on the apparent adequacy of 
the repair.? Yet, the very need for postoperative lum- 
bar drainage may be questioned. 


The transmastoid approach for repair of tegmen 
defects does not necessarily include the shaping of a 
minicraniotomy. Temporal fascia and a piece of ho- 
mologous preserved septal cartilage’? or a mastoid 


cortical bone chip? can be tucked intracranially from 
the mastoid side of the defect, much like a button- 
hole!9.22 or a toggle.” However, this technique has 
mainly been used for repair of small to medium-sized 
brain herniations following trauma or surgery, which 
generally did not show any leak of CSF into the mid- 
dle ear unless intraoperatively touched. Moreover, 
traumatic or iatrogenic CSF leaks are known to have 
a higher inclination toward spontaneous healing. On 
the other hand, it has been shown repeatedly that 
spontaneous CSF leaks have a particular disposition 
to recur.58 Thus, we feel that the addition of a mini- 
craniotomy helps considerably in the performance 
of a transmastoid repair of spontaneous CSF leaks. 
A minicraniotomy avoids the morbidity of a full mid- 
dle fossa craniotomy, recommended by some if a 
tegmen defect is exhibited by CT® or if an encephalo- 
cele is found.? Others advocate a combined trans- 
mastoid and middle fossa craniotomy, referring to a 
possibly unexpected multisite involvement.*+ May 
et al? have described a solution in between a middle 
fossa craniotomy and a minicraniotomy, called the 
keyhole craniotomy. This allows the introduction of 
a fascia-covered titanium mesh, obviating the need 
for an ossicular chain disruption if the epitympanic 
space is involved. 

Long-term follow-up has been recommended, 


since 2 out of a series of 12 spontaneous CSF leak 
patients have developed a second skull base leak.* 
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INTRACOCHLEAR SCHWANNOMA AND COCHLEAR IMPLANTATION 
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Acase of intracochlear schwannoma in a 58-year-old candidate for cochlear implantation is described. The tumor was located in 
the basal turn of the cochlea and was discovered only during surgery. Computed tomography and magnetic resonance imaging 
obtained prior to surgery failed to detect the tumor. Intralabyrinthine schwannomas are rare tumors that grow either in the vestibule, 
as intravestibular schwannomas, or in the cochlea, as intracochlear schwannomas. Complete removal of this tumor was achieved 
through a posterior tympanotomy approach. Cochlear implantation, which resulted in good hearing, was successfully performed 3 


years later. 


KEY WORDS — cochlear implant, intracochlear schwannoma. 


INTRODUCTION 


Acoustic neuromas are benign tumors derived from 
the perineural Schwann cells of the eighth cranial 
nerve. These tumors usually arise from the vestibu- 
lar nerve within the internal auditory canal and ex- 
pand into the cerebellopontine angle. Intralabyrin- 
thine schwannomas are uncommon, and only 23 cases 
have been reported in the world literature.!-7 These 
were diagnosed accidentally, either during labyrin- 
thectomy and vestibular neurectomy or at autopsy. 
These intralabyrinthine tumors were described as ei- 
ther intravestibular! or intracochlear schwannomas.” 


This report adds a unique case of an intracochlear 
schwannoma found during cochlear implantation 
surgery. To the best of our knowledge, this is the 
first case of surgical removal of an intracochlear 
schwannoma prior to cochlear implantation. 


CASE REPORT 


A 58-year-old patient with complete bilateral deaf- 
ness was referred to our department for cochlear im- 
plantation. On the left side, he had had an acoustic 
neuroma removed 24 years prior to admission. On 
the right side, his hearing had gradually deteriorated 
for unknown reasons, resulting in complete hearing 
loss. In May 1993, he was admitted for cochlear im- 
plantation on the right side. Computed tomography 
performed prior to surgery revealed no abnormali- 
ties on the right side, and on the left side, bony 
changes consistent with the surgical removal of the 
acoustic neuroma were found. The patient had nei- 
ther vestibular complaints nor tinnitus. A posterior 
tympanotomy was performed, and the scala tympani 
of the basal turn was opened through a cochleotomy. 








A white, firm mass was discovered in the basal turn 
of the cochlea, leaving the apex of the cochlea free 
of tumor. No bony erosion was noted anywhere in 
the labyrinth. The tumor was completely resected. As 
the histologic frozen section proved to be a schwan- 
noma, the procedure was terminated. Magnetic reso- 
nance studies obtained after surgery showed no re- 
sidual tumor. During 3 years of follow-up, there was 
no recurrence. 


In July 1996, a cochlear implantation was under- 
taken with a 22-channel Nucleus Spectra device. The 
facial recess was found to be obliterated, and the 
opening in the cochlea was plugged by connective 
tissue. This plug was easily removed, and the entire 
length of the active electrode array was inserted. 
Hearing rehabilitation commenced 4 weeks after im- 
plantation. Only the 10 apical electrodes could be 
used for electrical stimulation. The remaining elec- 
trodes caused an unpleasant sensation in the lower 
part of the face during activation, probably caused 
by spread of the electrical current through the con- 
nective tissue. Nevertheless, the results of the pa- 
tient’s auditory speech perception were fairly good. 
The score on syllables of Hebrew words presented 
in closed set was 100%. The score was 30% on open- 
set presentation of topic-related, everyday sentences 
developed at the City University of New York for 
this and related studies adapted to Hebrew. The pa- 
tient managed to use the telephone when talking with 
people known to him. 


DISCUSSION 


Acoustic neuromas (vestibular schwannomas) usu- 
ally arise from the vestibular nerve in the internal 
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auditory canal, but they can be found anywhere along 
the path of the eighth nerve. They rarely present with- 
in the labyrinth, arising from the terminal fibers of 
the vestibular or cochlear sensory end organs. The 
extension of intralabyrinthine schwannoma in the in- 
ner ear varies. Miyamoto et al! described an isolated 
tumor in the vestibule, while others described the 
tumor in the cochlea only.2 When the tumor origi- 
nated in the cochlea, the scala tympani of the basal 
turn was the common site of growth.? More exten- 
sive tumors have been found, in both the vestibule 
and cochlea.‘ In most cases there was no extension 
of the tumor into the internal auditory canal.° In our 
case, the schwannoma developed in the basal turn 
only, leaving the apical part of the cochlea free of 
any tumor. 


Intralabyrinthine schwannomas are difficult to di- 
agnose. In most cases, the patient history, otoneuro- 
logical tests, and imaging including computed to- 
mography and magnetic resonance imaging fail to 
demonstrate the existence of a tumor. It is usually 
diagnosed accidentally during labyrinthectomy for 
Meniere’s disease,’ vestibular neurectomy,® or au- 
topsy.2 Only 1 case has been discovered radiographi- 
cally.4 


In early reports, intralabyrinthine schwannoma was 
usually combined with neurofibromatosis.’ More re- 
cent reports have described intralabyrinthine schwan- 
noma in patients without neurofibromatosis.8 Most 
of the recent cases have been diagnosed as Meniere’s 
disease.6 Among the 23 cases reported, 7 patients 
suffered. from complete deafness, but patients with 
nearly normal hearing were also described.® In our 
case, the patient had complete hearing loss that had 
become progressively worse during the 10 years prior 
to surgery. 


Although intralabyrinthine schwannoma is a rare 
occurrence and cannot usually be diagnosed with- 
out surgery, it is important to question its existence, 
especially in deaf patients who are candidates for 
cochlear implantation surgery and in whom no ex- 
planation for deafness was found. As cochlear im- 
plantation has become popular nowadays, we can 
assume that more cases of intralabyrinthine schwan- 
noma will be found. 


Complete removal of small tumors via the origi- 
nal cochlear implantation approach seems to be suf- 
ficient for small intralabyrinthine schwannomas. If 
this proves to be effective, implantation can proceed. 
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The aim of this study was to estimate the total number of cells in the subdivisions of the cochlear nucleus (CN) of the rat with 
unbiased stereological methods. The total number of neurons was determined in both the ventral cochlear nucleus (VCN) and the 
dorsal cochlear nucleus (DCN) to compare the right and left sides. The total cell numbers were 15,280 in the left VCN, 15,400 in the 
right VCN, 10,260 in the left DCN, and 10,860 in the right DCN. Comparison of the right and left major subdivisions of the CN of 
the rat showed that there was no significant difference between the right and left sides of the rat CN. This result indicates that the 
CNs do not contribute to auditory lateralization in the rat in regard to cell numbers. 


KEY WORDS —- asymmetry, hearing system, rat, stereology. 


INTRODUCTION 


Asymmetries of the cerebral hemispheres have 
been reported by many authors as the basis for cere- 
bral dominance.!-7 These right-left comparisons were 
established both anatomically and functionally. De- 
spite the fundamental biological importance of the 
existence of a peripheral lateralization, these stud- 
ies were mainly centered at the level of the cortical 
surface.!-4 There is evidence that the auditory sys- 
tem also possesses peripheral lateralization.®.? This 
has been confirmed by a more recent study of Khalfa 
and Collet.!° By studying the activity of the medial 
olivocochlear efferent system in human subjects, they 
noted a right ear prevalence of this system in both 
sexes. 


In addition to the need for further physiological 
investigations to establish such a physiological asym- 
metry, it is also of interest to know whether the mor- 
phological characteristics of cells of certain nuclear 
structures of the peripheral auditory system are also 
involved in this lateralization. 


One of these structures is the cochlear nucleus 
(CN), the first relay station of the central auditory 
pathway, which is situated laterally on the brain stem 
at the transition of the medulla oblongata and the 
pons.!1.!2 The neuronal architecture and physiologi- 
cal properties of the CN neurons almost certainly 
play a key role in defining the functional organiza- 
tion of the ascending auditory system.!3.!4 


To this end, we have estimated the total neuron 


number in the 2 major subdivisions of the rat CN 
with unbiased stereological methods to compare the 
right and left sides of this part of the peripheral au- 
ditory system. 


MATERIALS AND METHODS 


Eight adult male Wistar rats were anesthetized 
with an intraperitoneal injection of urethane (1.25 
g/kg) and perfused through the left cardiac ventricle 
with 10% neutral-buffered formalin. Brain stems 
were dissected out, soaked for a week in the same 
fixative, and embedded in Paraplast. The CN in each 
block was cut exhaustively in the coronal plane with 
a microtome setting of 6 um. Every 20th and 21st 
sections were sampled for cell counting and stained 
with cresyl fast violet. The total number of neurons 
in the subdivisions of the CN were estimated by the 
fractionator method.!5 


Definition of Cochlear Nucleus and Its Subdivi- 
sions. The total number of neurons was estimated in 
the 2 major subdivisions of the CN, namely, the ven- 
tral cochlear nucleus (VCN) and the dorsal cochlear 
nucleus (DCN). The granule cells were excluded 
from the estimates. The cytoarchitectonic character- 
istics of the VCN, DCN, and cochlear granule cell 
domains were identified according to the criteria pro- 
vided by many authors, 16-17 


Fractionator Sampling and Estimates of Total 
Neuron Number. The basic principle of the fraction- 
ator technique has been given elsewhere. !5 This tech- 
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nique involves counting particles (neurons) with sys- 
tematically sampled disectors!8 in a known fraction 
of the volume of the structure (CN) being analyzed. 
The total number of particles is estimated by mul- 
tiplying the total number of counted particles by 
the reciprocal of the used sampling fractions. The 
main advantages of using this unbiased estimator 
are that estimates of the total particle number are 
not affected by dimensional changes of the tissue 
caused by histologic procedures and that the sec- 
tion thickness, magnification, area of the disector 
frame, and volume of the structure of interest need 
not be known. Provided that the technical require- 
ment for the disector principle (ie, the distance be- 
tween the section planes of physical disectors should 
be less than the minimum height of the particles that 
are to be counted!8) is satisfied and the sampling is 
made in a systematic and random fashion, the only 
parameter that needs to be known for the fraction- 
ator is the sampling fraction.15-!9 The following sam- 
pling protocol of the CN is based on the study of 
Pakkenberg and Gundersen.!9 


The first sampled section pair was selected at ran- 
dom from a starting point within the first 20-section 
interval. Thereafter, every 20th section and its neigh- 
bor were sampled and stained. The section sampling 
fraction (f1) was therefore f1 = 1/20. Section pairs 
not containing the CN were discarded. This sampling 
fraction yielded on average 14 to 15 section pairs 
per CN. 


Comparison of section pairs was achieved by mak- 
ing use of a video recording setup. One section from 
each section pair was viewed with an Olympus BH- 
2 microscope and displayed on a monitor at a final 
magnification of 170x (objective 4x). At this magni- 
fication, 1 of the 2 main CNs (ie, the VCN or DCN) 
was entirely within 1 field of view on the monitor. A 
test lattice that comprised an unbiased sampling 
frame of area a (frame) = 15 x 20 cm? that was fur- 
ther subdivided into 100 small rectangles of area 1.5 
x 2 cm? was superimposed on the monitor image. 
Each small rectangle (at 170x magnification) corre- 
sponded to the area of the unbiased sampling frame 
at 1,700x magnification — the magnification at 
which counting was performed. 


The profile area of each subnucleus was also sam- 
pled in a uniform, random manner, and thus, an equal 
probability of being selected was given to all parts 
of the sectioned profiles of the VCN and DCN that 
appeared on the sampled sections. This was achieved 
by counting and selecting fields in the small rectan- 
gles at 170x magnification. The selected fields were 
then displayed at a magnification of 1,700x (objec- 
tive 40x) and stored on a videotape. The coordinates 


of the selected fields at 170x magnification, as well 
as landmarks like blood vessels and edges of the nu- 
clei, were recorded before they were stored. This fa- 
cilitated location of the corresponding field in the 
other section. Counting of fields at the lower magni- 
fication was made in a zigzag way and started with 
the first field in which more than half of the rectan- 
gle was filled. Fields not filling more than half of 
the rectangle were considered outside. Starting ran- 
domly, we selected and recorded every fifth field. 
Consequently, the areal sampling fraction, f2, was f2 
= 1/5. 


These consecutive images were then played back 
as sequential frozen frames on another monitor while 
the microscope images of their corresponding fields 
on the other section were displayed on the first moni- 
tor. Counting of neuronal nuclei with the disector 
principle were made at this stage. The small rectan- 
gles inside the unbiased sampling frame that were 
used for sampling fields at the lower magnification 
are now (at the higher magnification) further help in 
locating neuronal nuclei. The images on these 2 mon- 
itors (1 from the microscope and the other from the 
video) were used as a disector pair.!8 All profiles of 
neuronal nuclei of any size sampled in the unbiased 
sampling frame? on the first section but missing 
from the second section were counted. Cells classi- 
fied as neurons ranged in morphology from those 
having a large euchromatic nucleus surrounded by a 
clearly defined cytoplasm containing Nissl bodies 
and exhibiting some emerging dendritic processes 
to those having only a thin rim of cytoplasm but still 
with a clear nucleus. All other profiles that could 
not be classified as neurons on these paraffin sec- 
tions were considered to be glial or small granule 
cells and were therefore not counted. These excluded 
profiles appeared as dense bodies or cells with a small 
heterochromatic nucleus with no visible cytoplasm 
around it. This setup for viewing section pairs simul- 
taneously provided results equal to those achieved 
by 2 projection microscopes.!9 The number of 
counted nuclei was designated ZQ~. The total num- 
ber of nuclei, N, in each subnucleus was estimated 
from the equation N = ZQ- x I/f1 x 1/f2. 


The above-mentioned magnifications and sizes of 
the counting frame and rectangles are given only for 
descriptive purposes, since it is not necessary to make 
absolute measurements when using the fractionator. 
The sampling fractions used were based on a pilot 
study. On average, 100 and 150 nuclei were counted 
in each DCN and VCN, respectively, which provided 
a number estimate with a coefficient of error (CE) 
of 5%. 


Statistics. Differences between the total number 
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TOTAL NUMBER OF NEURONS IN RAT COCHLEAR 
NUCLEUS FROM EIGHT ANIMALS 














Region N CE CV 
Right VCN 15,400 0.042 0.060 
Left VCN 15,280 0.041 0.069 
Right DCN 10,860 0.049 0.165 
Left DCN 10,260 0.054 0.132 


N — total number of nuclei, CE — coefficient of error, CV — coef- 
ficient of variation, VCN —- ventral cochlear nucleus, DCN — dor- 
sal cochlear nucleus. 





of neurons (N) in each subdivision of the right and 
left CNs were examined with a paired Student’s t- 
test. 


To assess the appropriateness of the sampling 
scheme employed, the observed relative variance of 
the estimates of N in each group (ie, the CV? of N of 
the VCN and DCN on the right and left) and the 
relative variance of the estimate made in the indi- 
viduals (ie, the CE2) were calculated and evaluated 
in a stereological context.!%2! The group means and 
their coefficient of variation (CV) for N were calcu- 
lated separately for each subdivision on either side. 
The CE, which expresses the precision of the esti- 
mates of N, was calculated with the quadric approxi- 
mation formula.!9 


RESULTS 


The means of the total number of neurons were 
determined in both the VCN and DCN to compare 
the right and left sides of the CN. The total cell num- 
ber was 15,280 in the left VCN and 15,400 in the 
right VCN, and there was no statistical difference 
between the left and right VCNs (p > .05). The total 
cell numbers were 10,260 and 10,860 in the left and 
right DCNs, respectively. There was also no statisti- 
cal difference between the left and right DCNs ( p > 
.05). The means of the total number of neurons of 
the VCN and DCN along with their CE and CV are 
summarized in the Table. 


The CEs for the individual estimates of the 2 sub- 
divisions on both sides ranged between 0.0041 and 
0.054 (mean CE = 0.048). This evidence suggests 
that very reliable estimates were obtained (CE < 
0.05). The observed interanimal CV for the VCN 
and DCN varied from 0.06 to 0.165 (mean CV = 
0.11). For each of the 2 cochlear subdivisions of the 
right and left sides, the observed mean variance of 
the estimates of N made in the individuals (CE?) was 
less than half of the observed variance of the group 
(CV?). The CE?/CV? is 0.19, indicating that approxi- 
mately 80% of the group variances arose from true 
interanimal differences (biological differences) and 
that the overall sampling scheme employed is ap- 
propriate. 


DISCUSSION 


Anatomic and physiological studies describe spe- 
cific connections between the CNs and other higher 
auditory centers.!422,23 Anatomic and physiological 
asymmetries are found in the hearing system.*!0.24 
Considering the anatomic asymmetries established 
at the cortical surface, it seems logical to expect simi- 
lar findings in subcortical structures. This study re- 
ports unbiased estimates of the total number of neu- 
rons of the 2 subdivisions of the rat CN. The stereo- 
logical technique used for counting is unaffected by 
the methodological biases that have been reported 
for previously available methods. (See West,?! Cog- 
geshall,25 and Coggeshall and Lekan?® for detailed 
recent discussions of the stereological and previously 
available methodologies.) In addition, this study pro- 
vides information about the variances of the indi- 
viduals and group estimates of the total number of 
neurons in the VCN and DCN. The total cell num- 
ber was 15,280 in the left VCN and 15,400 in the 
right VCN, and there was no statistical difference 
between the left and right VCNs (p > .05). The total 
cell numbers were 10,260 and 10,860 in the left DCN 
and the right DCN, respectively. There was also no 
statistical difference between the left and right DCNs 
(p > .05). To our knowledge, this is the first time 
such information has been reported, and this may 
clearly indicate that the CNs do not contribute to au- 
ditory lateralization in regard to cell number. A cor- 
responding finding has been reported for the human 
medial superior olivary nucleus,?’ in which the av- 
erage numbers of neurons in the right and left col- 
umns were similar. Based on physiological measure- 
ments of the olivocochlear system, however, a sta- 
tistically greater right-side activity among 44 young 
subjects has been reported.! Although these find- 
ings do not negate the importance of the existent in- 
terplay between regional morphometric characteris- 
tics and accompanied functional outcomes (eg, neu- 
ropathologic states, in which the total number of neu- 
rons of related structures is significantly reduced and 
functional asymmetries accompanied regional mor- 
phological asymmetries), they provide a further ex- 
perimental rationale for the development and design 
of future electrophysiological settings and more rig- 
orous stereological studies. 


In this study, the means of group estimates of neu- 
ron number differ by 0.8% in the VCN and by 5.5% 
in the DCN. By using an unbiased estimator, the frac- 
tionator, and the paired t-test, we have failed to de- 
tect significant differences in the total number of neu- 
rons between the right and left sides of the 2 subdi- 
visions. Though the precision of the individual esti- 
mates of the total number of neurons is very sensi- 
tive (CE < 0.05) in demonstrating that no lateral dif- 
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ferences with regard to N exist, new insights into 
the relationship between functional and morphologi- 
cal asymmetries might be obtained on smaller mar- 
gins with a higher degree of precision. Since the ma- 
jor factor contributing to the observed relative vari- 
ance for the group in this study is the inherent bio- 
logical variance in the individual rats, the most effi- 
cient way to produce an increase in the precision of 
the group mean would be by increasing the number 
of rats in the groups. 


CONCLUSION 


The rationale behind this study was twofold. First, 
quantitative morphological data are a prerequisite to 
understanding the structural basis of functions,® and 
only the recently founded unbiased methodology has 
the power of producing such data reliably.2!,26 Sec- 
ond, morphological laterality studies of the CN sub- 
divisions can provide valuable information as to the 
contribution of certain parameters (eg, volume, size, 
number) to the functional auditory lateralization. The 
quantitative analysis of the CN neurons presented is 


a necessary baseline for studying further the biologi- 
cal substrates for functional lateralization. 


The presented results show that although the CN 
does not contribute to auditory lateralization in re- 
gard to cell number, the CN probably does contrib- 
ute to it functionally, since the function of a nucleus 
is the result of interaction of many factors such as 
the number of synapses, neural circuits, dendritic 
fields, ionic mechanisms, and intrinsic electrical 
properties of neurons. However, the cellular events 
that take place during neuronal processing within the 
CN and the exact role of neurons in acoustic pro- 
cessing are poorly understood.”®.29 These will need 
to be further investigated electrophysiologically. A 
remaining point of uncertainty concerns the possible 
roles of other factors such as the size, volume, and 
connectivity pattern of the CN. It will also be neces- 
sary to conduct further studies on other nuclei be- 
longing to the auditory system, because the devel- 
opment of each nucleus of the auditory system might 
be affected, organized, and completed by the other 
nuclei. 
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The objective of this study was to assess the long-term results of partial laryngectomy for benign neural tumors of the larynx. 
We reviewed 8 patients with laryngeal involvement — 7 with neurofibromatosis and 1 without — treated between 1980 and 1994. 
The mean age was 6.5 years. A partial laryngectomy was performed in 7 cases. All the tumors were located in the aryepiglottic folds. 
Clinical, radiologic, and endoscopic follow-ups were used for evaluating recurrence. A good laryngeal airway, swallowing without 
aspiration, and voice quality were sought in assessing the functional results, Five patients had good functional results with no 
recurrences. One patient died of malignant transformation and metastatic dissemination of his disease. To summarize, partial laryn- 
gectomy is a relatively safe and effective procedure, even in childhood, for treating this rare localization of neurofibromatosis. A 
malignant transformation of the tumor is possible and carries a poor prognosis. 


KEY WORDS — child, laryngeal neurofibroma, neurofibromatosis, partial laryngectomy. 


INTRODUCTION 


Benign neural tumors of the larynx are rare. Ap- 
proximately 100 childhood and adult cases were re- 
ported in one review,! and 18 childhood cases in an- 
other.? There are 3 main histologic types of tumor: 
schwannoma, neurofibroma, and plexiform neurofi- 
broma. These tumors may occur in isolation or may 
be associated with neurofibromatosis. The aim of this 
study was to assess the results of partial laryngec- 
tomy in these types of tumors. The problem of ma- 
lignant transformation of the tumors is also dealt 
with. 


PATIENTS AND METHODS 


This report is a retrospective review of 8 children 
between 2 months and 13 years of age, with a diag- 
nosis of neural tumors involving the larynx, who 
were admitted to 2 tertiary-care centers between 1980 
and 1994, namely, the otolaryngology departments 
of Armand-Trousseau Children’s Hospital in Paris 
and La Timone Children’s Hospital in Marseille. Data 
included sex, age at diagnosis, family history, pre- 
senting symptoms, site of the tumors, pathological 
diagnosis, treatment, recurrences, and functional re- 
sults. 


Approaches were employed similar to those used 
for pharyngolaryngeal surgery, such as a supraglot- 
tic hemipharyngolaryngectomy. All procedures were 
performed under general anesthesia with the patient 


ventilated via an endotracheal tube (or via the tra- 
cheotomy cannula, in those patients tracheotomized 
preoperatively). In all cases except 1 (patient 8), a 
lateral pharyngotomy was performed with a skin in- 
cision along the anterior border of the sternocleido- 
mastoid muscle, localization and incision of the peri- 
chondrium of the posterior edge of the thyroid lam- 
ina, and scrapping of the pyriform fossa. The tumor 
mass was located at the level of the cricothyroid 
membrane and sometimes extended to the carotid 
sinus. Thus, the pharynx was opened at a distance 
from the tumor, at the level of the homolateral val- 
lecula. The tumor was excised in a stepwise fashion, 
always including resection of the homolateral ary- 
tenoid and the aryepiglottic fold. Depending on the 


‘degree of spread of the tumor, the resection was 


sometimes extended to include the contralateral ary- 
tenoid, part of the homolateral thyroid lamina, and 
part of the epiglottis. Closure was achieved by su- 
turing the pharyngeal mucosa to a musculoperichon- 
drial flap. 


The occurrence of relapse was verified by endo- 
scopic examination under general anesthesia and, in 
more recent cases, by a computed tomography (CT) 
scan. The quality and the caliber of the laryngeal 
airway were assessed clinically during spontaneous 
breathing at rest, on effort, and during sleep, as well 
as during the postoperative endoscopies. Aspiration 
was assessed indirectly by regular clinical examina- 
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TABLE 1. CLINICAL FEATURES 











Patient Presenting Family 
No. Age Sex Symptoms NF History of NF Tumor Site Histopathology 

1 6y M _ Stridor, dyspnea Type I Yes : R aryepiglottic fold, R Neurofibroma 
false vocal cord 

2 4y M Respiratory distress Type I No R aryepiglottic fold, R Plexiform 
arytenoid, posterior neurofibroma 
commissure, L arytenoid 

3 2 mo F Stridor, dyspnea Type I Yes R aryepiglottic fold Plexiform 

neurofibroma 
4 2y F Stridor during sleep Type I No R aryepiglottic fold Plexiform 
neurofibroma 

5 13 y F Dyspnea, dysphagia Type II No L aryepiglottic fold, L Antoni B 
false vocal cord neurilemoma 

6 Sy Change in voice, No No R aryepiglottic fold Antoni A 

dyspnea neurilemoma 

7 18mo M _ Stridor, dyspnea Type I No '  Raryepiglottic fold, R Plexiform 
false vocal cord, posterior neurofibroma 
commissure, L arytenoid, 
retrocricoid area 

8 10y F Dyspnea on exertion Type I Yes R pyriform fossa, R Neurofibroma 

í vallecula 


NF — neurofibromatosis. 





tion for inhalation pneumopathies. Some patients had 
cineradiographic swallowing studies performed. Vo- 
cal outcome was assessed by a phoniatrician using 
recorded material. 


RESULTS 


The various clinical and histologic data of the 8 
patients are shown in Table 1. Seven patients had 
associated neurofibromatosis (6 type I, 1 type ID. 
The patient without neurofibromatosis was included 
in the study because the evolution of his disease 
raises the question of malignant transformation of 
these tumors. Computed tomography was performed 
in 4 patients. Nuclear magnetic resonance imaging 





was carried out in 3 patients. All the data regarding 
surgical interventions are listed in Table 2. The me- 
dian age at the time of operation was 5.36 years. As 
in patient 8, when the symptoms are not severe and 
complete excision is impossible, conservative treat- 
ment is proposed. 


There was no perioperative mortality. The median 
time to restarting oral food intake and removal of 
the nasogastric feeding tube was 12.5 days. All pa- 
tients who underwent surgery were able to eat and 
swallow without any significant aspiration, as indi- 
cated by the absence of any pulmonary disorders. In 
3 patients, swallowing cineradiography confirmed 
the absence of aspiration. The vocal quality of the 6 


TABLE 2. TREATMENT 











Tracheotomy Time Time to 
Patient Early During Pathological to Decan- Oral 
No. Tracheotomy Surgery Surgical Approach Margins nulation Intake Follow-up 

1 No Yes Lateral pharyngotomy, right supra- Involved 3d 18d ly 1mo 
glottic hemipharyngolaryngectomy 

2 Yes Lateral pharyngotomy, right supra- Involved 40 mo 12d 9y6mo 
glottic hemipharyngolaryngectomy 
extended to left arytenoid, right 
thyroid cartilage resection 

3 No No Lateral pharyngotomy, right supra- Unknown 10d 5y4mo 
glottic hemipharyngolaryngectomy 

4 Yes Lateral pharyngotomy, right supra- Free 13d 13d ly 
glottic hemipharyngolaryngectomy 

5 No No Lateral pharyngotomy, left supra- Unknown 10d Sy 5 mo 
glottic hemipharyngolaryngectomy 

6 No No Thyrotomy, right supraglottic Unknown i0d 12y 
hemipharyngolaryngectomy 

7 Yes Lateral pharyngotomy, right supra- Involved 15d 3y 


glottic hemipharyngolaryngectomy 
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Epiglottis 


Left vocal cord 


Neurofibroma 
retrocricoid area 


Epiglottis 


Neurofibroma 
aryepiglottic fold 


patients who could be decannulated was satisfactory, 
with a socially acceptable voice. The 3 patients op- 
erated on without a previous tracheotomy were able 
to be extubated 24 hours after surgery. Three of the 
4 patients who were tracheotomized, either preoper- 
atively or perioperatively, were able to be decannu- 
lated: patient 1 on day 3; patient 4 on day 13; and 
patient 2 at 40 months after the operation, due to 
stenosis of the vestibule of the larynx that necessi- 
tated a laryngoplasty with restoration of the luminal 
caliber. This procedure, which allowed decannulation 
of the patient, was only carried out after ensuring 
that there was no evidence of tumor recurrence. Pa- 
tient 7 could not be decannulated despite 2 attempts 
at relieving the laryngeal obstruction and potassium 
titanyl phosphate (KTP) laser treatment. The patient 
had a residual neurofibroma of the postcricoarytenoid 
region that could only be operated on externally by 
performing a total laryngectomy (see Figure, A). Pa- 
tient 8 was not operated on, since her respiratory 
symptoms only consisted of lary ngeal dyspnea on 
exertion. Moreover, the extent of the cervical neu- 





Endoscopic views of laryngeal neurofibromas. 
A) Patient 7. B) Patient 3. 


rofibromas was such that total resection was impos- 
sible without significant postoperative morbidity. 
Five of the 7 patients who had surgery have not had 
any tumor recurrence, with an average postopera- 
tive follow-up of 5.5 years. 


Five years after excision of a schwannoma of the 
left aryepiglottic fold, patient 6 presented with a re- 
currence of the tumor at the same site. A supraglot- 
tic hemipharyngolaryngectomy was performed in 
1984, and the histology demonstrated a highly cel- 
lular, malignant schwannoma with a high mitotic in- 
dex. Despite further surgery in 1989, followed by 
external cervical radiotherapy of 65 Gy, the patient 
died in March 1991 of a cervicomediastinal exten- 
sion of the tumor and of pulmonary metastases. Pa- 
tient 7, having had a right supraglottic hemipharyn- 
gectomy in 1992, has presented again with a relapse 
of his tumor in the left postcricoarytenoid region. 
This recurrence is not amenable to partial laryngec- 
tomy and is currently being controlled by courses of 
KTP laser treatment. 
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DISCUSSION 


Friedrich von Recklinghausen is credited with in- 
troducing the term neurofibromatosis in 1882. There 
are 2 distinct types of neurofibromatosis: neurofibro- 
matosis type I is the peripheral form, also called von 
Recklinghausen’s disease. It is transmitted as an au- 
tosomal dominant trait and occurs in approximately 
1 in 4,000 live births. The genetic defect has‘ been 
localized to the proximal long arm of chromosome 
17. The diagnosis of neurofibromatosis type I re- 


quires the presence of 2 or more of the following?:. 


1) more than 6 café au lait spots (prepubertal diam- 
eter >0.5 cm, postpubertal diameter >1.5 cm), 2) 2 
neurofibromas or 1 plexiform neurofibroma, 3) ax- 
illary or inguinal freckling, 4) optic glioma, 5) sphe- 
noid dysplasia or thinning of the long bones with or 
without pseudoarthrosis, or 6) 2 or more Lisch (iris) 
nodules. 


Diagnosis is usually made before the age of 10 
(50%).4 Von Recklinghausen’s disease may occur 
with a negative family history in up to 50% of cases. 
Neurofibromatosis type II is distinct from type I and 
is characterized by central lesions, specifically bi- 
lateral acoustic neurinomas. It is also transmitted as 
an autosomal dominant trait and occurs in approxi- 
mately 1 in 50,000 live births. Molecular genetic 
studies have localized the genetic abnormality near 
the center of the long arm of chromosome 22. Neu- 
rogenic tumors arising primarily from the larynx are 
rare. A survey of neurilemoma and neurofibroma 
cases in the literature showed that more than 100 
cases have been reported.! These tumors are most 
commonly reported as occurring in association with 
neurofibromatosis, but can also occur without neu- 
rofibromatosis. 


Schwannoma or neurilemoma, a solitary and en- 
capsulated tumor, was originally called neurinoma. 
In a retrospective study of neurogenic tumors of the 
larynx over the 80-year period from 1907 to 1986, 
Stanley et al> reported 7 cases of schwannoma. An 
association with neurofibromatosis is very rare! but 
nevertheless possible,®’ as seen in the histology of 
patient 5. In general, these tumors remain benign, 
and their possible malignant transformation is very 
exceptional.®.9 


Two cases of schwannoma are reported in this 
series of patients. The first case (No. 5) occurred in 
a female patient presenting with neurofibromatosis 
type II, with bilateral acoustic neurinomas, menin- 
gioma of the posterior fossa, and schwannomas of 
the cauda equina. According to Costantino et al,’ 
schwannomas seem to be most frequently associated 
with neurofibromatosis type II, rather than with type 
I. The second patient (No. 6) presented without simi- 


lar manifestations of neurofibromatosis. Neurofibro- 
ma and plexiform neurofibroma are the 2 other main 
histologic types of neural tumors of the larynx. Neu- 
rofibroma is most frequently localized in the latero- 
cervical region (patient 8), and localization restricted 
to the larynx is rare. In 1987, Fukuda et al! recorded 
57 cases of laryngeal neurofibroma reported in the 
literature. Eighteen cases of laryngeal neurofibroma 
in children have also been documented.” Nonplexi- 
form neurofibroma may present as a solitary lesion 
or in association with neurofibromatosis type I. Plexi- 
form neurofibroma, however, is much more specific 
for von Recklinghausen’s disease. These 2 types of 
neurofibroma, nonplexiform and plexiform, differ in 
their cellular architecture, and plexiform neurofibro- 
ma has a greater tendency to infiltrate adjacent tis- 
sues. 


The clinical presentation of these tumors is fairly 
stereotypical. These tumors affect the supraglottic 
region of the larynx, specifically the aryepiglottic 
fold and the arytenoid, in 50% to 80% of cases, !+10 
The predominant localization in the inlet of the lar- 
ynx is also found in our series, with the aryepiglot- 
tic fold being affected in 7 of our 8 cases (see Fig- 
ure, B). This localization of the tumor suggests that 
it originates from the superior laryngeal nerve and/ 
or from the anastomoses between the superior laryn- 
geal nerve and the recurrent laryngeal nerve (Galen’s 
anastomosis).!! 


Bilateral involvement of the inlet of the larynx is 
possible, as observed in 2 cases in our series (Nos. 2 
and 7). Such bilateral involvement makes surgical 
excision and postoperative care more difficult. A sub- 
glottic site has also been described in approximately 
5% of cases. ! 


In this series, the average age at diagnosis was'5 
years (range 2 months to 13 years), which is the same 
as that published in the literature (4.5 years).! The 
symptomatology in children is essentially marked 
by signs of respiratory obstruction (stridor, inspira- 
tory dyspnea, respiratory distress), sometimes lead- 
ing to an early tracheotomy. In our series, early tra- 
cheotomy had to be carried out in 3 cases. Out of 9 
cases of childhood laryngeal neurofibromatosis,! an 
early tracheotomy was performed in 50% of cases. . 


The radiologic features of CT scanning in our se- 
ries are the same as those described in the literature. !2 
The tumors presented as rounded or oval, clearly 
delineated masses. They were hypodense as com- 
pared to muscle, and the injection of a contrast ma- 
terial made little (increased) or no difference to the 
density. On T1-weighted magnetic resonance imag- 
ing (MRI), the tumors were isointense, whereas on 
T2-weighted MRI, they were hyperintense. The role 
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of MRI lies, above all, in its ability to clearly define 
the limits of the tumor. In plexiform neurofibroma, 
it allows assessment of the extent of the infiltration. 13 


The treatment of these tumors by surgery is diffi- 
cult. Indeed, the infiltrative and microinvasive na- 
ture of neurofibroma, especially plexiform neurofi- 
broma, makes total resection difficult, and even im- 
possible in some cases.*!4 The treatment must there- 
fore take into consideration the severity of the symp- 
toms and the surgical options available while pre- 
serving laryngeal function. When the symptoms are 
not severe and complete excision is impossible, as 
in patient 8, conservative treatment is advisable. An 
exclusively endoscopic approach can be considered 
when dealing with a pedunculated tumor of limited 
extent. Out of 57 cases of laryngeal neurofibroma,! 
endoscopic treatment, with or without the use of la- 
ser ablation, was performed in 37 cases. In our pa- 
tients, endoscopic excision as the sole form of treat- 
ment was impossible because of the extensive infil- 
tration of surrounding tissues by the tumors. How- 
ever, in patient 7, laser therapy was used to control 
residual tumor deposits and thus avoid a total laryn- 
gectomy, which was the only measure that would 
have allowed the complete resection of the tumor. 
Sidman et al!4 also used laser treatment to relieve 
laryngeal obstruction as a palliative measure in or- 
der to avoid a total laryngectomy. No series have 
compared the rate of relapse following endoscopic 
excision with that following open surgery. Never- 
theless, it seems probable that endoscopic surgery 
might not be able to achieve a complete resection of 
a tumor that has spread deep along the superior laryn- 
geal nerve fibers. Various open surgical approaches 
have been put forward. A median approach using a 
laryngofissure seems to be the most widely used (11 
of 57 adults; 50% in children).! Although, at the glot- 

. tic level, a good field of view can be achieved, this 
incision may not be sufficient for visualization of 
the laryngeal inlet. Therefore, we prefer a lateral 
pharyngotomy. It allows easy access to the inlet, the 
vestibule of the larynx, and the pyriform fossa. Thus, 
a partial laryngectomy — that is, a supraglottic hemi- 
pharyngolaryngectomy — can be performed by 
closely following the tumor margins. When the tu- 
mor does not cross the midline and is localized to 
the aryepiglottic fold and to the arytenoid, this ap- 
proach allows a partial laryngectomy to be carried 
out with only minor complications. 


Tracheotomy was not performed systematically, 
and was not performed in patients 3, 5, and 6. In 
these cases, it was possible to extubate the patient 
rapidly. When tracheotomy was required early on 
because of the severity of the dyspnea, it was pos- 


sible to decannulate the patient shortly after partial 
laryngectomy (patients 1 and 4). 


The postoperative consequences are more serious 
when the lesion crosses the midline and involves the 
contralateral section of the laryngeal inlet and vesti- 
bule. Thus, for patient 2, a complete excision with- 
out recurrence was complicated by a stenosis of the 
laryngeal vestibule. Decannulation could only be 
performed after a laryngeal reconstruction with res- 
toration of the luminal caliber, more than 3 years 
after surgery, and only after ensuring that there was 
no evidence of tumor recurrence. In patient 7, resec- 
tion was incomplete, with residual tumor deposits 
in the contralateral arytenoid and postcricoid area 
that were controlled by KTP laser treatment. Cur- 
rently, the diameter of the laryngeal passage is stable, 
and the patient can breathe and talk with the trache- 
otomy cannula occluded. Decannulation is now pos- 
sible and will be performed soon. In these 2 cases, 
however, total laryngectomy was avoided. Like Mai- 
sel and Ogura,!5 we prefer to incompletely excise a 
benign tumor rather than impose the mutilation of a 
total laryngectomy. 


The indications for partial laryngectomy remain 
exceptional in pediatric laryngology, and the func- 
tional results of such interventions and the outcome 
with respect to the tumor have not been detailed in 
the literature. Apart from benign neural tumors of 
the larynx, we have performed this type of surgery 
in 2 children with cervical cystic hygroma that had 
spread to the aryepiglottic fold but not to the base of 
the tongue. In these 2 cases, the functional outcome 
was good and decannulation was possible. 


Close and prolonged medical supervision of these 
patients is needed. Indeed, the malignant transfor- 
mation of a benign neural tumor of the larynx into a 
malignant schwannoma can compromise the progno- 
sis. Malignant schwannoma may arise from Schwann 
cells, but an etiologic origin from perineurial fibro- 
blasts has also: been proposed.!® A-causal relation- 
ship between: neurofibromatosis ‘type I and malig- 
nant schwannoma has been described. The incidence 
of these tumors in von Recklinghausen’s disease var- 
ies between 5% and 15%.6:10.16 However, no such 
causal relationship exists between neurofibromato- 
sis type II and malignant schwannoma.’ Malignant 
transformation must be suspected in the face of a 
rapid increase.in the volume of the neurofibroma and 
of the onset of pain. The tumor is nonencapsulated, 
locally aggressive, and infiltrates adjacent tissues. !® 
Regional lymph node involvement is not usual, al- 
though hematogenous metastases may occur, pri- 
marily to the lungs. The treatment consists of wide 
surgical excision followed by radiotherapy. The prog- 
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nosis is poor, and the 5-year survival rate is between 
19% and 50%.‘ The survival rates are better in 
well-differentiated, as opposed to undifferentiated, 
forms.!? The prognosis is also poor in malignant 
schwannoma associated with von Recklinghausen’s 
disease. !6 


The case of patient 6 suggests either an associa- 
tion between neurinoma and malignant schwannoma 
or a malignant transformation of the neurinoma. In 
fact, the malignant transformation of schwannoma 
is rare.5.18 This patient did not present with associ- 
ated neurofibromatosis, and in addition, the delay 
between the first resection and the relapse of the tu- 
mor was quite long (5 years). 


Therefore, the possibility of a malignant transfor- 
mation of these benign neural tumors of the larynx 
requires a prolonged clinical, endoscopic, and radio- 


logic follow-up. 
CONCLUSION 


The majority of neural benign tumors of the lar- 
ynx in childhood are neurofibromas, although neu- 
rinomas may also occur. Both of these tumors can 
arise in association with neurofibromatosis or in iso- 
lation. Surgical excision by partial laryngectomy al- 
lows local control of unilateral, supraglottic tumors 
and provides good functional results, as well as sat- 
isfactory treatment of the tumor. In cases in which 
complete clearance of the tumor would require a to- 
tal laryngectomy, we prefer instead a partial laryn- 
gectomy with KTP or carbon dioxide laser therapy 
for the tumor remnants. Finally, long-term follow- 
up is essential in view of the possibility of malig- 
nant transformation, which carries a poor progno- 
sis. 
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EXTRACAPSULAR SPREAD AND DESMOPLASTIC PATTERN IN 
NECK LYMPH NODES: TWO PROGNOSTIC FACTORS OF 
LARYNGEAL CANCER 
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The influence of extracapsular spread (ECS) and a desmoplastic pattern (DP) of metastatic cervical lymph nodes in patients 
with laryngeal cancer is presented. The study includes 128 patients surgically treated between 1984 and 1992 for squamous cell 
carcinoma of the larynx with pathologically proven lymph node metastasis. The results were studied from 2 major standpoints: 
survival and recurrence. The 3-year survival rates were as follows: patients without ECS 73.4%, and with ECS 28.9% (p < .001); 
patients without a DP 76.9%, and with a DP 43.3% (p < .03). Also, the 3-year recurrence rates in the neck showed significant 
differences: patients without ECS 10.7%, and with ECS 49.6% (p < .001); patients without a DP 10%, and with a DP 31.6% (p = 
.1142). Postoperative radiotherapy did not appear to improve the outcome. 


KEY WORDS — desmoplastic pattern, extracapsular spread, laryngeal cancer, lymph node metastasis, prognostic factors. 


INTRODUCTION 


There is general agreement that the stage of la- 
ryngeal carcinoma at the time of therapy is the most 
important identifiable factor in predicting prognosis. 
In staging systems, neck metastasis is an adverse 
prognostic factor with greater impact on prognosis 
than the characteristics of the primary tumor. 


However, all otolaryngologists have observed in 
their clinical practice that comparably staged patients 
with histologically positive nodes frequently have a 
diverse clinical course and response to similar treat- 
ment. The reasons for this can be other features of 
the patient’s disease, such as the biological behavior 
of the tumor or the immune response of the host, 
that are not reflected in staging systems for laryngeal 
cancer.! 


Some authors have studied the possible influence 
of extracapsular spread (ECS)? and a desmoplastic 
pattern (DP) as prognostic factors for survival and 
regional recurrence in patients with neck node metas- 


TABLE 1. NECK DISSECTIONS 











Neck Dissection No. of Patients 
Delphian node excision 3 
Functional 
Unilateral 40 
Bilateral 40 
Radical (unilateral) 31 
Functional + radical 11 
Other 3 


tasis. Extracapsular spread could reflect tumor ag- 
gressiveness and may also indicate depressed host 
immunosurveillance with failure to contain tumor 
spread.> The pathophysiology for a DP is still contro- 
versial. 


The purpose of this work is to study the impact of 
ECS and DP in metastatic lymph nodes of patients 
surgically treated for laryngeal carcinoma. 


MATERIALS AND METHODS 


Between 1984 and 1992, 150 patients with malig- 
nant neoplasms of the larynx and pathologically 
proven metastatic nodes were surgically treated at 
the Department of Otorhinolaryngology of La Paz 
Hospital. Nineteen patients received other treatments 
prior to surgery and were excluded from the study. 
Three subjects with tumors other than squamous cell 
carcinoma were also rejected. The remaining 128 pa- 
tients were selected for the analysis. All patients had 
a complete 3-year follow-up. 


The median age was 57.6 years (range 40 to 83 
years). All but 3 patients were men. The types of 


TABLE 2. CLASSIFICATION OF PATIENTS ACCORDING 











TO T AND N STAGES 
NO NI N2a N2b N2c N3 Total 
T1 3 1 0 1 0 3 8 
T2 14 5 3 2 0 1 25 
T3 17 12 8 5 1 6 49 
T4 11 6 4 8 13 4 46 


Total 45 24 15 16 M 14 128 
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TABLE 3. HISTOPATHOLOGIC FINDINGS IN 











NECK SPECIMENS 
Features Findings No. of Patients 
ECS Yes 75 
No 53 
DP Yes 112 
No 16 


ECS — extracapsular spread, DP — desmoplastic pattern. 





neck dissection used are detailed in Table 1. The sur- 
gical specimens were retrospectively evaluated by 
pathologists (D.H. and M.N.) who had no knowledge 
of the patients’ clinical course. This evaluation con- 
sisted of a review of the original slides to look for 
ECS and DP. All neck lymph node specimens were 
classified into 2 categories with respect to both ECS 
and DP, ie, no ECS (neck metastasis confined within 
the lymph nodes) versus ECS (tumor involving extra- 
capsular surrounding tissue); and no DP (no fibro- 
blastic reaction of the lymph node to metastatic tu- 
mor) versus DP (connective tissue reaction within 
the node). 


The number of dissected nodes, the number of 
positive nodes, and the size of the nodes in each pa- 
tient were also recorded. The 1988 American Joint 
Committee TNM classification was used for staging.? 
The distribution of patients according to T and N 
stage is given in Table 2. Until 1990, postoperative 
radiotherapy was used in all cases with positive nodes. 
Starting in 1991, radiotherapy was used on a more 
selective basis. Only patients with positive or unsat- 
isfactory surgical margins and/or carcinomatous 
lymphangitis were irradiated. A total dose of 6,000 
cGy was delivered on a 200-cGy/d, 5-d/wk schedule. 
All patients had a minimum follow-up of 3 years or 
until death. 


The data were statistically studied on an Inves Pen- 
tium computer with the BMDP statistical package 
(Statistical Software, 1993). The Kaplan-Meier meth- 
od was used for survival analysis and neck recur- 
rence-free curves. The comparison among survival 
curves and curves of neck recurrence was made by 
means of the Mantel-Cox (log-rank) test. All sta- 
tistical tests received the same level of significance 
of .05. 


RESULTS 
The average number of lymph nodes studied and 


TABLE 4. DISTRIBUTION OF PATIENTS ACCORDING 
TO ECS AND POSTOPERATIVE RT 

















TABLE 5. OUTCOME (N = 128 PATIENTS) 











: No. % 
Alive with NED 42 32.8 
Died of disease 66 51.6 
Died of unrelated causes 16 12.5 
Alive with disease 3 2.3 
Lost to follow-up 1* 0.8 


NED — no evidence of disease. 
*Considered as dead of disease. 





number of positive nodes dissected in each patient 
were 16.6 and 4.4, respectively. All lymph nodes 
were smaller than 2.5 cm. The histopathologic find- 
ings are shown in Table 3. 


Twenty-six patients were not irradiated postopera- 
tively. Distribution of postoperative radiotherapy 
with respect to ECS is shown in Table 4. Two subjects 
(both with ECS and a DP) were additionally treated 
with chemotherapy. 


The median survival for the 128 patients included 
in the study was 60.7 months after the date of neck 
dissection. The outcome is detailed in Table 5. Nine- 
ty-four patients did not have a recurrent neck tumor. 
In this subgroup, 38 (40.4%) patients died of their 
cancer (local and/or distant recurrence), 14 (14.9%) 
died of unrelated causes, and 42 (44.7%) are alive. 
The remaining 34 patients with recurrent neck cancer 
after dissection did much worse. Only 3 (8.8%) pa- 
tients in this group are alive; 29 (85.3%) died of the 
head and neck neoplasm, and 2 (5.9%) died of other 
causes.. 


The survival rate with regard to ECS was as fol- 
lows: patients without ECS 73.4%, and patients with 
ECS 28.9% (see Figure, A). This difference is highly 
significant (p < .001). Likewise, the neck recurrence 
rate was different between both groups: 49.6% for 
patients with ECS and 10.7% for patients without 
ECS (p < .001). 


Also, ECS seems to be related to local relapse of 
the tumor. Patients with ECS had a 36.1% rate of 
local recurrence, and those without ECS only a 
15.7% rate (p < .03). This finding was confirmed 
with the multivariate analysis. 


A DP also had a prognostic impact on survival. 
Survival was 76.9% for patients without a DP, in 
contrast to 43.3% for those with a DP (see Figure, 


TABLE 6. SURVIVAL ACCORDING TO ECS AND DP 




















No RT RT 
ECS 14 61 
No ECS 12 41 


RT — radiotherapy. 








No ECS ECS 
% (n) % (n) 
No DP 75.0 (16) (0) 
DP. 71.8 (37) 27.4 (75) 


% — Percentage of survivors, n — number of subjects. 
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Actuarial disease-free survival curves after surgery according to A) extracapsular spread (ECS) and B) desmoplastic 


pattern (DP). 


B; p < .03). The neck recurrence rate was 10% in 
patients without a DP, and 31.6% in those with a DP 
(p = .1142). However, a DP did not show a relation- 
ship to local recurrence: 29.0% in patients with a 
DP and 20.0% in patients without a DP (p > .05). 


The number of lymph nodes affected with either 
ECS or a DP did not affect the survival or the recur- 
rence rate in the neck (p > .05). Likewise, the size of 
the lymph nodes had no relation to recurrence or sur- 
vival (p > .05). 


In the group of patients with neither ECS nor a 
DP, the survival rate was higher (Table 6). No dif- 
ference with respect to survival exists between this 
group and the subjects without ECS but with a DP 
(p > .05). Nevertheless, the patients with both ECS 
and a DP have a poorer survival in comparison to 
the other groups (p < .001). There were no patients 
without a DP and with ECS in our series. 


The impact of ECS on the prognosis of laryngeal 
cancer is significant in both treatment groups (sur- 
gery alone and surgery with postoperative radiother- 
apy). Moreover, patients with ECS treated with post- 
operative radiotherapy had the lowest survival rate 
of all groups (Tables 7 and 8). 


Likewise, a DP had an adverse influence on sur- 
vival in the group of irradiated patients (Tables 9 


TABLE 7. SURVIVAL ACCORDING TO 
POSTOPERATIVE RT AND ECS 








and 10), whereas in the group of patients treated with 
surgery alone, the numbers are too small to obtain 
significant results. 


DISCUSSION 


Our current ability to clinically detect cervical 
metastasis is unfortunately limited. Imaging tech- 
niques are not the solution,!° and attempts to improve 
the diagnostic accuracy by means of lymphangiog- 
raphy or radionuclide scanning are imprecise and ex- 
pensive. Ultrasound fine needle aspiration cytology !! 
can be a good diagnostic method, but it is rarely avail- 
able and requires experience and dedication to be 
clinically helpful. More sensitive methods to detect 
microscopic disease have been frustrated by the lack 
of suitable markers.!2 Hence, surgery is the only 
available method to relatively safely assess the clin- 
ical status of neck lymph nodes in patients with head 
and neck cancer. 


An additional advantage of the surgical approach 
to the neck in patients with head and neck cancer is 
the chance for histologic evaluation of the lymph 
nodes and the subsequent accuracy of the diagnosis. 


There is a general belief in the medical literature 
that ECS carries a particularly bad prognosis. Ac- 
cording to several studies, lymph node metastasis 
with ECS is associated with a decrease in survival 


TABLE 8. DISEASE-FREE PATIENTS ACCORDING TO 
POSTOPERATIVE RT AND ECS 

















No RT RT 
% (n) % (n) p 
ECS 33.0 (14) 18.4 (1) 699 
NoECS 707 (12) 71.6 (41) 930 
p .0403 <.0001 


% — Percentage of survivors, n — number of subjects. 








No RT RT 
% (n) % (n) P 
ECS 17.9 14) 25.7 (61) 0527 
NoECS 46.7 a2 75.8 (41)  .3200 
p 0011 <.0001 


% — Percentage of disease-free patients, n — number of subjects. 
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TABLE 9. SURVIVAL ACCORDING TO 











POSTOPERATIVE RT AND DP 
No RT RT 
% m ç % č (n) p 
DP 48.6 (24) 35.2 (88) 73I 
NoDP 100.0 (2) 70.7 (14)  .581* 
p .2909* 0417 


% — Percentage of survivors, n — number of subjects. 
*Unreliable because of small number of cases. 





TABLE 10. DISEASE-FREE PATIENTS ACCORDING TO 











POSTOPERATIVE RT AND DP 
No RT RT 
% (n) % (n) p 
DP ' 31.4 (24) 42.3 (88) .330 
No DP 50.0 (2) 80.8 (14) .275* 
p .6840* .0278 


% — Percentage of disease-free patients, n — number of subjects. 
*Unreliable because of smal! number of cases. 





ranging between 27% and 60%*58 and a twofold 
increase in regional recurrence.’ However, in the 
work of Mamelle et al,!3 ECS did not have any prog- 
nostic value in head and neck squamous cell carci- 
nomas. 


In our series, ECS was associated with an approx- 
imately 45% decrease in survival. Our results also 
show that a single node with ECS is enough to de- 
crease survival and increase the regional recurrence 
rate, because the number of lymph nodes with ECS 
does not appear to have clinical importance. A pos- 
sible interpretation of this fact is that ECS encoun- 
tered in any node may reflect a more aggressive tu- 
mor and may indicate a depressed host immunosur- 
veillance with failure to contain tumor spread? (in- 
cluding the primary location). However, the biolog- 
ical significance of ECS with respect to both recur- 
rence and survival remains unclear. 


A DP is also a reliable predictor of a poor prog- 
nosis. This histologic factor is characterized by the 
connective tissue (fibroblastic) reaction of the in- 
volved lymph node to metastatic tumor. The origin 
of this response is not clear, but it may result from 
an unknown interaction between the tumor and host. 
Olsen et al? noted that a stromal DP was associated 
with a sixfold to sevenfold increased risk of neck 








recurrence. In our experience, this factor also shows 
a negative influence on prognosis, with a 30% de- 
crease in survival. Radiotherapy did not improve sur- 
vival or recurrence in any group of patients. 


Elective treatment of the neck is indicated for most 
laryngeal cancers of supraglottic or subglottic ori- 
gin.!2.14.15 In our opinion, neck dissection permits 
the otolaryngologist a more complete assessment of 
the stage of the disease. In addition, it allows the 
surgeon to obtain other prognostic pathological pa- 
rameters that remain unknown in the irradiated or 
surgically untreated patient. 


Further studies are required to evaluate the benefit 
of treatments other than surgery in the management 
of patients with histopathologic adverse prognostic 
factors. 


CONCLUSIONS 


Extracapsular spread and a DP are 2 reliable patho- 
logical prognostic factors for lymph nodes in patients 
with squamous cell carcinoma of the larynx. Future 
prospective studies will permit a more accurate deter- 
mination of the presence or absence of other possible 
histopathologic risk factors and the influence of com- 
bined therapeutic approaches to this subset of pa- 
tients. 
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LEIOMYOSARCOMA OF THE LARYNX 
REVIEW OF THE LITERATURE AND REPORT OF TWO CASES 
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SZEGED, HUNGARY 


Leiomyosarcoma of the larynx is an extremely rare malignancy. Until now, only 35 cases have been reported, and only 19 were 
reported in English. We present 2 new cases observed in the last 3 years at our department. Correct histologic diagnosis can only be 
made on immunohistochemical and electron microscopic grounds. A 65-year-old man previously treated for a premalignant vocal 
cord lesion and a 31-year-old woman who previously underwent operation on a benign vocal cord lesion are presented. Only surgi- 
cal treatment (total laryngectomy and endolaryngeal laser resection) was performed. Thirty-six and 22 months after the initial 
surgical intervention, both patients are alive and well, with no evidence of local recurrence or distant metastasis. 


KEY WORDS — laryngeal neoplasm, laser surgery, leiomyosarcoma, soft tissue sarcoma, surgical treatment. 


INTRODUCTION 


Malignant mesodermal neoplasms of the larynx 
are very rare compared to epithelial tumors, account- 
ing for less than 1% of all malignant tumors in this 
region.! Leiomyosarcoma is a malignant tumor of 
smooth muscle origin and represents 5% to 7% of 
all soft tissue sarcomas.” 


Leiomyosarcomas can be divided into 3 groups 
according to their localization in the body. Tumors 
arising in the female genital tract or the walls of the 
gastrointestinal region and retroperitoneal and intra- 
abdominal leiomyosarcomas are the most frequent 
group; they can be regarded as a prototype of this 
rare tumor, since they show all the histologic char- 
acteristics of malignancy and sometimes illustrate 
the problems of diagnosis. Leiomyosarcomas of the 
cutaneous and subcutaneous tissues are the second 
group and usually have a good prognosis.” In the 
third group, leiomyosarcomas of vascular origin can 
be found; these rare tumors arise in the walls of 
veins.> However, leiomyosarcomas have also been 
located in other parenchymal organs and in several 
unusual soft tissue sites. 


In the head and neck area, smooth muscle is sparse; 
it is usually found in the walls of arteries and veins, 
the erector pili muscle of the skin, the posterior wall 
of the trachea, and the middle and lower thirds of 
the esophagus.* Some cases of leiomyosarcoma in 
the sinonasal tract, oral cavity, tongue, hypopharynx, 
cervical esophagus, and trachea have been report- 
ed.*7 The first case of laryngeal leiomyosarcoma was 
published by Jackson and Jackson® in 1939, and to 


our knowledge, 34 further cases have been reported 
in the literature.?4! We present 2 new cases of this 
disease occurring in our department in the last 3 
years. The literature, diagnostic problems, and treat- 
ment options and management of this exceptionally 
rare neoplasm are discussed in this paper. 


CASE REPORTS 


Case 1. A 65-year-old man with an 8-month his- 
tory of hoarseness presented to our department for 
the first time in 1993. Indirect laryngoscopy revealed 
a whitish gray plaque on the first third of both true 
vocal cords. The vocal cords moved fully and there 
was no cervical lymphadenopathy. Chest radiogra- 
phy demonstrated no focal lesions, and the complete 
blood count was normal. During suspension micro- 
laryngoscopy, after we took a specimen for histologic 
investigation, the lesion was vaporized by a carbon 
dioxide (CO2) laser. Histology revealed hyperkera- 
tosis and mild dysplasia. The patient was controlled 
regularly, and 1!/2 years later, his voice worsened. 
He was readmitted in October 1994. General exami- 
nation did not reveal anything new. Direct laryngos- 
copy showed a 1.4 x 1.0-cm, broad-based, smooth, 
pinkish and polypoid neoplasm on the left true vo- 
cal cord. The first biopsy was not able to confirm 
exactly the origin of the tumor; the possibility of ei- 
ther fibrosarcoma, leiomyosarcoma, or spindle cell 
carcinoma was suggested. Because of the presence 
of a malignant tumor and a clinically palpable, sus- 
picious lymph node on the left side of the neck, total 
laryngectomy and modified radical neck dissection 
were carried out. There were no complications dur- 
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Fig 1. (Case 1) Horizontal section of larynx at level of 
true vocal cords. T — tumor, L — left vocal cord. R 
right vocal cord. 


ing the surgery, and recovery was uneventful. The 
patient had good esophageal speech. At the last con- 
trol examination, in October 1997, he was doing well, 
with no evidence of recurrence or metastasis. 


Macroscopically, the tumor, 13 mm in diameter, 
involved the first third of the left vocal cord without 
invasion of the thyroid cartilage, and extended into 
the subglottis and anterior commissure (Fig 1). Light 
microscopy revealed an extensively ulcerated tumor 
composed mostly of elongated spindle-shaped cells 
with cigar-shaped and blunt-ended nuclei. Up to 9 
mitoses per 10 high-power fields were found. Immu- 
nohistochemistry revealed strong positive intracyto- 
plasmic expression of the intermediary filaments vi- 
mentin and desmin. All of the tumor cells were mark- 
edly positive for smooth muscle—specific actin anti- 
gen (Fig 2). Cytokeratin, S-100 protein, œ- l -antitryp- 
sin, lysozyme, epithelial membrane antigen (EMA), 
and multi-drug-resistant | protein (MDR-1) were 
negative. The proliferating cell nuclear antigen 
(PCNA) reaction was positive in about 30% of the 
cells. The tumor morphology was interpreted as lei- 
omyosarcoma of the larynx with reactive lymph- 
adenopathy. No metastasis was found in the lymph 
nodes. 


Case 2. A 31-year-old woman was referred to an 
otolaryngology specialist because of several months’ 
history of hoarseness. Indirect laryngoscopy revealed 
that her left true vocal cord was swollen and the mu- 
cosa was inflamed. Conservative therapy and anti- 
biotics were administered. Her voice continued to 
deteriorate, and she was admitted to our department 
in April 1995. Stripping of both vocal cords was per- 
formed for Reinke’s edema. Four months later, a syn- 
echia occurred in the anterior commissure and was 
cut through in another otolaryngology department. 
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Fig 2, (Case 1) Tumor cells immunohistochemically 
showed strong positive staining against smooth muscle 
specific actin (G-actin-avidin-biotin complex. original 
x224). 


In 8 weeks, the vocal cords scarred together again. 
Under general anesthesia, direct suspension laryn- 
goscopy was performed, the web was cut through 
again, and repeated stripping of both vocal cords was 
performed. Histopathology revealed no malignancy; 
only slight epithelial inflammation was found. Her 
voice deteriorated further, and she was able to speak 
in a very low voice only. She was readmitted to our 
otolaryngology department in October 1995. General 
examination did not reveal anything abnormal. Chest 
X-ray studies showed no abnormality. and labora- 
tory data were also normal. There was no evidence 
of enlarged cervical lymph nodes. Direct microlaryn- 
goscopy was carried out under general anesthesia. 
Examination showed a thick, rough and hard web in 
the anterior commissure, and the left vocal cord was 
swollen, but there was no evidence of ulceration (Fig 
3). First the web was cut through by a CO2 laser, 
and the covering mucosa and the superficial layer of 
lamina propria of the left vocal cord were incised. 
Between the fascicles of the vocalis muscle, a mac- 
roscopically “encapsulated,” crumbling, whitish tu- 
morlike mass was found. A specimen from this tis- 
sue was taken for histology and the tumor was re- 
moved by CO2 laser. Computed tomography scans 
of the larynx did not show any involvement or de- 
struction of the thyroid cartilage. However, the me- 
dial margin of the surgical specimen was close to 
the tumor; thus, an additional surgery was performed. 
The patient refused total laryngectomy; therefore, 
an endolaryngeal exenteration of the affected side 
was performed by CO2 laser. The left false vocal 
cord, the whole left true vocal cord (preserving the 
perichondrium of the thyroid cartilage, from the an- 
terior commissure back to the arytenoid cartilage and 
down the cricothyroid membrane, reaching the sub- 
glottic area), and the adjacent paraglottic space were 
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Fig 3. (Case 2) Laryngomicroscopic view. T — tumor, 


L — left vocal cord, R 
between vocal cords. 


right vocal cord, W web 


removed. There were no complications, and the pa- 
tient did well postoperatively. At the last control, 22 
months after the surgery, she had moderate breathy, 
hoarse dysphonia. 


Histologically, the vocalis muscle and the mucous 
glands were infiltrated by a cell-rich malignant tu- 
mor, composed of interlacing bundles of smooth 
muscle fibers with spindle cells showing acidophilic 
cytoplasm, moderate pleiomorphism, and numerous 
mitoses. The nuclei were vesicular, and the mitotic 
rate was mild (up to 5 mitoses per 10 high-power 
fields). The tumor cells showed strong positive stain- 
ing against antibodies to vimentin, desmin. and 
smooth muscle—specific actin and negative Staining 
to cytokeratin, EMA, S-100 protein, and MDR-1 pro- 
tein. Forty percent of the tumor cells’ nuclei were 
positive with the PCNA reaction. Electron micro- 
scopically, the tumor cells contained cytoplasmic 
bundles of thin myofilaments along the cell mem- 
brane. Nuclear polymorphism, free ribosomes, and 
high amounts of mitochondria were also visualized. 
The tumor cells were embedded in abundant extra- 
cellular collagenous matrix (Fig 4). The tumor was 
interpreted as leiomyosarcoma of the larynx. 


DISCUSSION 


The pathogenesis of leiomyosarcoma is uncertain. 
Few predisposing or etiologic factors have been rec- 
ognized in this disease up to now.? Some reports in 
the literature indicate that rarely, leiomyosarcomas 
are radio-induced.?! Since, in the larynx, blood ves- 
sels are the only structures with smooth muscle tis- 
sue, it is not unlikely that the tumors develop from 
smooth muscle in the tunica media of vessel walls.34 





Fig 4. (Case 2) Electron microscopic structure of lei 
myosarcoma (original x7,000). Nuclei are pleomorphi 
and cytoplasmic organelles are disorganized. Bund! 
of thin filaments (star) are limited to zones along plasn 
membrane or parallel to nuclei. Pinocytoti 

row) are present at plasma membrane 


Some authors have suggested that these tumors are 
derived from dispersed undifferentiated mesenchy 
mal tissue or that leiomyosarcomas originate from 
myoepithelial cells in the submucous glands of the 
respiratory epithelium, since their structure is simi 
lar to that of smooth muscle cells.42 

The most frequent age at presentation of laryngeal 
leiomyosarcoma is the fifth decade of life, although 
it can be also manifested during childhood.2°2? Most 
patients are younger than 50 years; the male-to-fe 
male ratio, contrary to other forms of leiomyosarco 
ma, is 4:1. Unlike squamous cell carcinoma, leio 
myosarcoma has no known risk factors such as heavy 
tobacco and/or alcohol consumption. 


The presenting signs and symptoms do not diffe 
from those of other laryngeal tumors. The main 
symptom of the disease is hoarseness: the average 
time of its duration is several weeks. Glottic lesions. 
depending on their size and location, might cause 
mainly stridor and different degrees of dyspnea. Tu 
mors localized in the supraglottic region can be char- 
acterized by foreign body sensations during swallow 
ing, various degrees of dysphagia, and radiating ea 
ache. More infiltrative malignancies cause conse- 
quent obstructive and compressive signs. Macro 
scopically, the tumor is larger than 2.5 cm in maxi- 
mal diameter, generally grayish red, and smooth 
surfaced, showing submucosal spreading. Supraglot 
tic tumors are mostly broad-based; glottic forms can 
be polypoid. Tumors are manifested almost equally 
in the supraglottic and glottic regions, while subglot- 
tic localization is rare (see Table*4!). The consis- 
tency is firm on instrument palpation. Tumor infil- 
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PRESENTED CASES OF LARYNGEAL LEIOMYOSARCOMAS 

















Authors Age Sex Tumor Site Initial Treatment Follow-up 
Jackson and Jackson’* NA NA Infrahyoid epiglottis NA NA 
Frank?* 28 F Infrahyoid epiglottis Endoscopic resection + RT NED 19 mo 
Eggstone and Wolf!0* NA NA NA NA NA 
Manara!! 45 M _ Right aryepiglottic fold RT NED 3 mo 
Penelli and Mazzili!2 5: M Bilateral true vocal cords TL NED 12 mo 
Smolikova and Ermejev!3 l1 F Left true vocal cord Laryngofissure + cordectomy NED 24 mo 
Kawabe and Kondo!4* 45 M Left true vocal cord Endoscopic resection + RT; Died 48 mo 
second treatment, TL + left RND 
+ chemotherapy 
Amendola!5 29 F Subglottic region Endoscopic resection NED 18 mo 
Talavera et al!6 50 M Right true vocal cord Laryngofissure + cordectomy; NA 
l second treatment, TL 
Gryczinski!? 77 M Right false vocal cord Endoscopic resection NED 6 mo 
Wolfowitz and Schmaman!8* 40 M Right true vocal cord TL NED 18 mo 
Friedmann!9* NA NA NA NA NA 
Chizh et al?0 8 F Infrahyoid epiglottis RT +TL NED 24 mo 
McKillop et al2!* 44 F Right aryepiglottic fold TL NED 12 mo 
De Rosa et al22 28 M Infrahyoid epiglottis Supraglottic partial laryngectomy Died 6 mo 
+ bilateral FND 
Kleinsasser and Glanz?3* 60 M Left false vocal cord RT; second treatment, TL Died 33 mo 
35M Right false vocal cord Vertical partial laryngectomy + NED 14y 
RT; second treatment, TL + RT 
Lehmann et al?4* 41 F Subglottic region NA NA 
Balestri and Ghigi?5 38 M Anterior commissure TL + right RND + left FND Died 12 mo 
Giordano et al6 NA NA NA NA NA 
Sokolenko et al27 46 M Left true vocal cord Endoscopic resection; second NED 36 mo 
treatment, RT + TL 
Lindholm and Lofgren28* 66 Right true vocal cord Vertical partial laryngectomy + NED 32 mo 
pedicled composite graft 
Di Luzio Paparatti et al?9 NA NA NA NA NA 
Zak and Rowinska9 NA NA NA NA NA 
Fukuda et al3!* NA NA _ Right true vocal cord Laryngofissure + cordectomy NED 24 mo 
Bertheau et al32 45 M Left true vocal cord TL NED 9 mo 
Chen et al33* 69 M Left false vocal cord Vertical partial laryngectomy + NED 18 mo 
left FND + RT 
Tewary and Pahor34* 56 M Right true vocal cord TL NED 36 mo 
Carles et al35 43 M Left false vocal cord Supracricoid partial laryngectomy NED 10 mo 
Rowe-Jones et al36* 8&7 M Right true vocal cord Endoscopic resection + RT NED 3 mo 
Sellari-Franceschini et al37* 66 M Right false vocal cord TL+RT Died 3 mo 
McKiernan and Watters38* 43 M Left false vocal cord Supraglottic partial laryngectomy NED 6 mo 
+RT 
Helmberger et al39* 87 M Right false vocal cord TL NED 30 mo 
Samlali et al40 26 M _ Right false vocal cord TL + chemotherapy Died 6 mo 
Lippert et al4!* 50 M Left true vocal cord Endoscopic resection (CO2 laser) NED 25 mo 
Our case 1* 65 M Left true vocal cord TL + left FND NED 36 mo 
Our case 2* 31 F Left true vocal cord Endoscopic resection (CO2 laser) NED 24 mo 


NA — no information available, RT — radiotherapy, NED — no evidence of disease, TL — total laryngectomy, RND — radical neck 
dissection, FND — functional neck dissection. 


*English-language publication. 





trates the surrounding tissues, and ulceration of the 
epithelial surface can be observed occasionally. On 
the tumor cut section, a whitish gray fleshy mass 
aspect can be visualized, sometimes showing a lobu- 
lated form with foci of hemorrhage and necrosis. 


Leiomyosarcoma can be revealed by a simple in- 
direct laryngoscopy in most cases. In determining 
the extent of these tumors and planning the surgical 
approach, modern radiographic imaging techniques 
such as coronal and/or axial computed tomography 
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scans and magnetic resonance imaging studies of the 
head and neck region provide a reasonable assess- 
ment of the anatomic boundaries of the primary tu- 
mor, as well as any destruction of the laryngeal car- 
tilages or infiltration of the paraglottic space and/or 
preepiglottic space.3> Because the treatment and 
prognosis rely mostly on detailed histopathologic ex- 
amination, tissue sampling is essential prior to de- 
finitive management. Despite the progress made in 
the histologic differential diagnosis of mesodermal 
neoplasms, the correct histologic diagnosis of leio- 
myosarcoma is still a matter of concern. Leiomyo- 
sarcoma should be differentiated mostly from spindle 
cell tumors, ie, fibrosarcoma, malignant schwanno- 
ma, and spindle cell carcinoma. The microscopic ap- 
pearance of these malignancies might be very simi- 
lar to that of leiomyosarcoma, but in the cells of spin- 
dle cell carcinoma and neurofibrosarcoma, sparse 
longitudinally oriented fascicles might be seen. Fur- 
ther, the cells of fibrosarcoma are tapered, and in 
contrast, the cells of schwannoma are buckled. In 
addition, these malignancies do not contain glyco- 
gen in their cytoplasm. Apart from these important 
points of differentiation, exact histologic classifica- 
tion of spindle cell tumors remains for immunohis- 
tochemical analysis and electron microscopic stud- 
ies.43 In immunohistochemical studies, antibody 
markers against desmin, vimentin, and the muscle- 
specific isoform of actin allow a correct diagnosis 
of leiomyosarcoma. For more accurate histologic di- 
agnosis of leiomyosarcoma, electron microscopy is 
also very helpful. The diagnostic features are cyto- 
plasmic parallel actin filaments and the presence of 
fusiform dense bodies among them.*? The distinc- 
tion between leiomyoma and leiomyosarcoma might 
also be very difficult. Mitotic activity is the main 
criterion for diagnosis of leiomyosarcoma?; how- 
ever, cellular atypia should also be considered. Neo- 
plasms with 5 or more mitoses per 10 high-power 
fields with moderate to marked cellular atypia are 
regarded as leiomyosarcoma. The PCNA immuno- 
reactivity may provide an insight into the biological 
potential of the tumors and might be helpful in dis- 
tinguishing between leiomyoma and leiomyosarco- 
ma.“4 Ultrastructurally, leiomyosarcomas differ from 
leiomyomas: they have greater nuclear polymor- 
phism, fewer and more disordered myofilaments, and 
the presence of free ribosomes.* To our knowledge, 
MDR-1 protein reaction has not been investigated 
until now in leiomyosarcoma. In our cases we found 
that the neoplastic cells were not stained positively 
with MDR-1. 


The few cases of laryngeal leiomyosarcoma pub- 
lished so far do not allow us to draw valid conclu- 
sions as to the various modalities of therapy (see Ta- 
ble). It is generally accepted that the mainstay of 
treatment of sarcomas of head and neck is still wide 
surgical extirpation.** The extent of excision depends 
on the localization and the degree of differentiation 
of leiomyosarcoma. The most aggressive surgical 
therapy in laryngeal malignant tumors, which pro- 
vides pathologically free margins and extent resec- 
tion, is total laryngectomy. The head and neck sur- 
geons preferred this as initial therapy in one third of 
the reported cases, !2.18.20,21,24,32,34.37,39.40Jn cases with 
limited tumor invasion, as in squamous cell carcino- 
ma of the larynx, the principles of transoral opera- 
tion or conservation surgery are applicable, and tu- 
mor should be removed by partial laryngectomy or 
endoscopic laser resection.8-10.13-17,19,22,23,25-31,33, 
35,36,38,41 Radiotherapy as a primary treatment has 
limited value, but as a complementary, postopera- 
tive option, it may permit a more conservative re- 
section. !1.14,23,33,36,38 The role of adjuvant chemother- 
apy is controversial.4° The incidence of local recur- 
rence and regional and distant metastases is lower 
than that reported in other sites of the head and neck 
region. 


Predicting the final outcome of laryngeal leiomyo- 
sarcoma is very difficult, as there is only 1 patient 
with more than a 5-year follow-up in the literature.23 
Local recurrences and regional and widespread me- 
tastases are rare, but may appear even several years 
after primary treatment; thus, careful follow-up of 
patients is mandatory. Our patients, 36 and 22 months 
after the initial surgical therapy, are doing well, with 
no evidence of local recurrence or distant metasta- 
sis. 


CONCLUSIONS 


As the biological behavior of laryngeal leiomyo- 
sarcoma is not well known, it is difficult to deter- 
mine the best treatment option in such cases. The 
age of the patient, the relatively little experience with 
laryngeal soft tissue malignancies, and the uncer- 
tainty of the histologic diagnosis prompted us to per- 
form total laryngectomy in the first case. On the ba- 
sis of the reported successful partial laryngectomy 
cases, we accepted the second patient’s request to 
perform conservation laryngeal surgery instead of 
total laryngectomy. The modern endolaryngeal mi- 
crolaryngoscopic laser surgery proved to be a satis- 
factory treatment modality. 
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COMPARISON OF PERINATAL AND ADULT MULTI-INNERVATION IN 
HUMAN LARYNGEAL MUSCLE FIBERS 
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The innervation of human laryngeal myofibers appears distinct from that.of skeletal myofibers, because some of them exhibit 
multiple neuromuscular junctions. We attempted to understand the significance of the multi-innervation phenomenon by comparing 
intrinsic laryngeal muscles obtained from autopsies of a fetus, a stillbirth, and a 7-month-old infant to muscles from adults. In 
longitudinal sections (40 to 60 um thick) the cholinesterase sites and the nerve terminals were stained simultaneously for light 
microscopy. Multi-innervation reached no more than 23% at 7 months, and this percentage decreased notably with age. Until 7 
months, end plates were innervated either by single or by multiple axons (unineuronal and polyneuronal innervation), whereas in 
adults, the pattern was exclusively unineuronal. Moreover, the structure of neuromuscular junctions in the young was limited to 1 
spot of acetylcholinesterase, while in adults the end plate zones increased in size and complex axon terminals were observed. These 
observations are consistent with a delayed maturation of human laryngeal innervation compared to that of skeletal muscles. 


KEY WORDS — cholinesterase, laryngeal muscles, multi-innervation, neuromuscular junction, unineuronal and polyneuronal 


innervation. 
INTRODUCTION 


The myofibers of mammalian skeletal muscles 
commonly exhibit 1 neuromuscular junction (NMJ; 
focally innervated myofibers) innervated by a single 
motor axon (unineuronal innervation; Fig 1). In fact, 
embryonic end plates are co-innervated by several 
motor axons (polyneuronal innervation), but become 
innervated by a single motor axonal branch during 
early postnatal life owing to the apoptosis of most 
of the motoneurons.!3 This synaptic dynamic is true 
of human skeletal innervation.4 However, innerva- 


S a: UNINEURONAL FOCAL INNERVATION 


© 2 b: UNINEURONAL MULTI-INNERVATION 


=e c: POLYNEURONAL FOCAL INNERVATION 
5 5 


Fig 1. Overview of innervation in human laryngeal mus- 
cles. Innervation of laryngeal adult muscle fibers was 
exclusively found to be unineuronal (a, b). Until 7 months 
of age, innervation was found to be both unineuronal 
and polyneuronal (a, b, c, d). 








d: POLYNEURONAL MULTI-INNERVATION 


tion of the human intrinsic laryngeal myofibers ap- 
pears distinct from that of skeletal muscle fibers, 
since multiple NMJs on a single muscle fiber (multi- 
innervated myofiber) have been reported in adults.>-7 
This feature has also been reported in extraocular 
muscles.8-!! A single axon seems to be devoted to 
innervating the single or the multiple NMJs of each 
of the adult laryngeal myofibers, indicating a uni- 
neuronal pattern of innervation.!2 In young infants, 
an immature structure of NMJs was described in thy- 
roarytenoid and posterior cricoarytenoid muscles, !3.!4 
but the status of multi-innervation (existence, and 
unineuronal or polyneuronal origin) of these fibers 
remains unknown. Thus, we attempted to understand 
the multi-innervation phenomenon by comparing the 
morphological structures and the innervation pattern 
of NMJs in laryngeal muscles of the perinatal peri- 
od to those of adults. 


MATERIALS AND METHODS 


Muscles. Twenty human intrinsic laryngeal mus- 
cles (5 thyroarytenoid, 5 posterior cricoarytenoid, 5 
interarytenoid, 5 cricothyroid) were obtained from 
autopsies according to current French law. The mus- 
cles were excised within 30 hours of death. None of 
the patients presented neuromuscular disorders or 
pharyngolaryngeal tumors. The specimens were pro- 
vided from a 31-week-old fetus, a stillbirth, a 7- 
month-old infant, and 2 adults (41 and 54 years old). 
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The muscles were mounted on pieces of cork with 
tragacanth gum, quickly frozen by immersion in iso- 
pentane cooled with liquid nitrogen, and stored at 
—80°C. Serial longitudinal sections of the whole mus- 
cle (40 to 60 um thick) were cut with a cryostat mi- 
crotome at —26°C and mounted on polysilane-pre- 
coated glass slides. 


Staining. The sections were stained simultaneously 
for cholinesterase (ChE) activity in blue with 5-bro- 
moindoxyl acetate and for nerve terminal visualiza- 
tion in black with gold-silver impregnation. The orig- 
inal procedure described for rodents! was modified 
as follows. 


l. Incubation for 5 minutes in 20% solution of 
sodium sulfate. Flash washing in deionized water. 
2. Incubation for 60 minutes, at 37°C, at pH 7.2. 


in 4 mg 5-bromoindoxyl acetate, 0.3 mL ethanol 
100%, 63 mg potassium ferrocyanide, 50 mg potas- 


sium ferricyanide, 33 mg calcium chloride, 1 mL of 


a solution of 0.1-mol/L Tris, and 30 mL deionized 
water. Flash washing in deionized water and dehy- 
dration in 70%. 90%, and 100% ethanol. 

3. Incubation for 5 minutes in 0.5% celloidin in 
1:1 ethanol-ether. Immersion in ethanol 70% for | 
minute. 


4. Incubation for 15 minutes, at pH 7. in 20 mL 
formaldehyde, 4.25 g sodium chloride. and 180 mL 
deionized water. Flash washing in deionized water. 

5. Incubation for 20 to 25 minutes, at 37°C in 
10% chloral hydrate, 1% pyridine, and 100 mL deion- 
ized water. 

6. Incubation for 40 minutes, at 37°C in 6 g sil- 
ver nitrate, 50 mg calcium carbonate, 30 mg cupric 
sulfate, and 30 mL of deionized water. Washing in 
deionized water (3 times for | minute). 


Fig 2. Scattered distribution of neuro- 
muscular junctions and structures of neu- 
romuscular junctions (original x250). 
End plates are blue-stained with 5-bro- 
moindoxyl acetate, and axons are black 
with gold-silver impregnation, Thyro- 
arytenoid muscle (41-year-old man). Ar- 
row — structure of “complex” neuro- 
muscular junction (multibranched end 
plate) displaying several cholinesterase 
spots. 


7. Incubation in 2 baths, for 3 seconds and 3 min- 
utes, in a solution containing 1% hydroquinone and 
5% sodium sulfite in 100 mL deionized water. Wash- 
ing in deionized water (3 times for | minute). 


8. Incubation for 5 minutes in 5% sodium thio- 
sulfate. Flash washing in deionized water. 

9. Incubation in 0.2% tetrachloroaurate for 8 
minutes. 

10. Incubation for 5 minutes in 5% sodium thio- 
sulfate. Dehydration in ethanol 70% (1 minute), 95% 
(2 minutes), and 100% (2 minutes). Immersion in 
1:1 ether-ethanol (2 minutes). Rinsing in xylene for 
5 minutes before mounting. 

Quantitative Histology. The sections were quanti- 
fied by the same observer at 250x and 400x magni- 
fications with an ocular micrometer. Myofibers long- 
er than 200 um in the infant and 300 um in the adults 
showing the presence of at least | NMJ were selected 
to record the following features: |) the diameter (mi- 
crometers) of the myofiber, 2) the length (microme- 
ters) of each NMJ and the structure of the NMJ as 
“platelike,” “grapelike,” or “complex,”!® 3) the num- 
ber of ChE spots in each NMJ, 4) the number of 
NMJs in each myofiber (focal innervation or multi- 
innervation) and the distances between multiple end 
plates, and 5) the unineuronal or polyneuronal inner- 
vation of each NMJ. 

Thus, each muscle was characterized by the mean 
diameter of its fibers, the mean length of the NMJs, 
the percentage of multi-innervated fibers, the per- 
centage of NMJs with | ChE spot. and its unineuronal 
or polyneuronal pattern of innervation. 

However, it was very difficult to individualize each 
of the muscle fibers from the others in the fetus and 
the stillbirth, due to the slight contrast of the stria- 
tions in these myofibers. Thus, in the fetus and the 
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LENGTH OF NEUROMUSCULAR JUNCTIONS 











Posterior 
Age Thyroarytenoid Cricoarytenoid Interarytenoid Cricothyroid 
7 mo N 1,218 1,100 1,182 981 
Mean + 1 SE (um) 38 + 0.32 3240.27 37 £0.30 25 £0.49 
Range (um) 15-75 10-100 15-90 15-40 
Single ChE spot 95.5% 98.9% 98.8% 99.6% 
4ly N 764 712 670 704 
Mean + SE (um) 52 + 0.82 51 +0.69 47 + 0:63 41 + 0.42 
Range (um) 15-180 20-130 15-200 15-130 
Single ChE spot 81.0% 88.5% 84.8% 90.5% 
54 y N 838 825 1,324 1,238 
Mean + 1 SE (um) 53 + 1.02 51 +£0.70 42 + 0.49 36 + 0.38 
Range (um) 5-210 15-150 15-120 15-90 
Single ChE spot 71.5% 87.2% 85.8% 94.0% 


ChE — cholinesterase. 





stillbirth, the aspect of NMJs and the pattern of their 
innervation were only qualitatively recorded. In each 
of the other muscles, an average of 801 myofibers 
were investigated, in which an average of 930 NMJs 
were studied. 


RESULTS 


The myofiber diameter ranged from 10 to 20 um 
in all the muscles of the fetus, 15 to 30 um in the 
infant, and 20 to 35 um in the adults. The NMJs were 
scattered throughout all the laryngeal muscles with- 
out a definite end plate zone (Fig 2). 


Whatever the muscle observed, the mean length 
of the NMJs was 32 um in infant muscles and 47 
um in adult muscles (see Table). This difference was 
significant. 


In fetus and infant muscles, the NMJs presented 
only a platelike structure (Fig 3A,B). In contrast, the 
3 structures of platelike, grapelike, or “complex” 
nerve terminals were observed in adult muscles (Fig 
2, arrow; Fig 3C,D). In the infant, more than 95% of 
the NMJs displayed 1 spot of ChE, whereas in adults, 
2 or more ChE spots were frequently observed (Fig 
3 and Table). From the fetus and the 7-month-old 
infant, multi-innervation was observed as in adults. 
As seen in Fig 4, the percentage of multi-innervated 
fibers varied with the muscle (highest percentage in 
interarytenoid muscles) and decreased significantly 
from the infant to the adults. Most of the multi-in- 
nervated fibers displayed only 2 end plates (Fig 
3A,D,E). The distance between 2 NMJs on the same 
myofiber varied from 10 to 200 um in the infant, 
and from 10 to 700 um in the adults. In the adults, 
some of these double NMJs were displayed oppo- 
site one another on each extremity of 1 diameter of 
the muscle fiber (Fig 3E). This feature was not ob- 
served in muscles of the younger specimens. 


Until 7 months of age, the innervation of the NMJs 
was found to be both unineuronal and polyneuronal 


(Fig 3A,B). Polyneuronal innervation was not ob- 
served in adult muscles, in which the unineuronal 
mode took place exclusively: terminal sprouts of a 
single axon innervated all the NMJs of the same myo- 
fiber (Fig 3C-E). 

DISCUSSION 


The combined method described by Pestronk and 
Drachman!5 for staining end plates and axons was 
mainly used to study axonal sprouting in various 
models of neural regeneration in rodents.!? We in- 
troduced a few modifications in the original proce- 
dure to obtain a good staining of human myofibers. 
In this study, all the NMJs were observable in longi- 
tudinal sections, but not all of them were analyzed. 
Several fibers presented too short a segment to de- 
tect multi-innervation. Moreover, it was not possible 
in some cases to distinguish the separation between 
2 adjacent myofibers. At least, it was sometimes not 
possible to distinguish NMJs with multi-spots of ChE 
from multiple NMJs side by side. In other cases, axon 
terminals were cut near the NMJs and the parent axon 
was not observable. In all these cases, the NMJs were 
not recorded. 


The method used in this work permits a qualita- 
tive comparison of perinatal and adult multi-inner- 
vation. However, no statistical statements were made, 
since the structure of the NMJs and the pattern of 
innervation could not be quantitatively recorded in 
the fetus and the stillbirth (due to the slight contrast 
of the myofiber striations at this age). 


In contrast with the distribution of NMJs in skel- 
etal muscles, in which a band of end plates is found 
at the midpoint of the muscle belly,!8 no motor end 
plate zones were observed in the laryngeal muscles 
studied. Neuromuscular junctions were randomly 
distributed along the myofibers, as was previously 
reported in human thyroarytenoid muscles,>6!9 but 
not in the posterior cricoarytenoid,”° cricothyroid,?! 
interarytenoid,?* and lateral cricoarytenoid?3 mus- 
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During the embryonic development of vertebrates, 
NMJs transiently receive nerve terminals from more 


than | axon (polyneuronal innervation), and all of 


them, except 1, are lost during the process of syn- 
apse elimination from the end of the embryonic pe- 
riod to early postnatal life.**4 Thus, in focally inner- 
vated muscles, each NMJ is usually innervated by a 
single terminal axon (unineuronal focal innervation). 
In the case of mature multi-innervated muscle fibers, 
NMJs could receive nerve endings from a single axon 
(unineuronal multi-innervation) or from different 
axons (polyneuronal multi-innervation; Fig 1). Since 
we found that innervation in adult laryngeal muscles 
is exclusively unineuronal,'? we suggest that the 
polyneuronal innervation pattern observed in the 7- 
month-old infant could express a delayed withdrawal 


Fig 3. Patterns of innervation of laryn- 
geal muscle fibers (original x400). A.B) 
“Platelike” neuromuscular junctions 
with | spot of cholinesterase. A) Two 
neuromuscular junctions receiving ter- 
minal nerve endings from distinct axons 
(polyneuronal innervation of multi-in- 
nervated myofiber; thyroarytenoid mus- 
cle from 7-month-old infant), B) Two 
axons innervate single neuromuscular 
junction (polyneuronal focal innerva- 
tion; posterior cricoarytenoid muscle 
from 7-month-old infant). C) Unineuro- 
nal focal innervation of 2 “grapelike” 
end plates (thyroarytenoid muscle from 
54-year-old man), D) Multi-innervated 
myofiber with 2 “platelike” neuromus- 
cular junctions innervated by single axon 
(unineuronal multi-innervation; thyro- 
arytenoid muscle from 41-year-old 
man). One of end plates displays 2 spots 
of cholinesterase, and other only 1. E) 
Double neuromuscular junctions oppo- 
site one another, innervated by single 
axon (unineuronal multi-innervation; in- 
terarytenoid muscle from 41-year-old 
man). 


of axon terminals from NMJs established during the 
embryonic period. The persistence of perinatal poly- 
neuronal innervation in human intrinsic laryngeal 
muscles is also associated with a higher percentage 
of multi-innervated myofibers than in adults. It could 
result from the relationship between the process of 
synapse elimination and the loss of axon terminals 
at NMJs.25 Moreover, the decrease of multi-inner- 
vation observed in adults continues in the elderly. 
due to retrograde axonal degeneration with aging. '* 


After birth, the maturation of the NMJs consists 
of the extension of nerve terminal arborization at the 
synaptic sites. In the thyroarytenoid muscles of an 
8-month-old fetus and a 3-year-old child. poor ar- 
borization of nerve terminals until the third year of 
life was described, suggesting the persistence of 
maturation of laryngeal nerve terminals beyond 3 
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Fig 4. Percentages of multi-inner- 
vated myofibers (unineuronal and 
polyneuronal) in total numbers of 
fibers recorded (in parentheses). 
A) Thyroarytenoid muscles. B) 
Posterior cricoarytenoid muscles. 
C) Interarytenoid muscles. D) 
Cricothyroid muscles. 


> Percentage of multi-innervated myofibers 


Percentage of multi-innervated myofibers 


7m 
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years of age.!3 In the fetus, small “platelike” NMJs 
were also reported in the posterior cricoarytenoid 
muscles, with no secondary clefts and with few ChE 
sites.26 The later development of striations in intrin- 
sic laryngeal myofibers from embryos and the lack 
of distinct striations in fetal myofibers were also re- 
ported.!3.27 This was the cause of our incapacity to 
perform quantitative measurements in the fetus and 
newborn. In laryngeal muscles, the increase in num- 
ber of ChE sites and the arborization of nerve end- 
ings seem to take place slowly during development.!4 
“Complex” NMJs, observed in the adult, are prob- 
ably the outcome of this growth pattern. Double 
NMJs, opposite one another, were never observed 
before 7 months of age and could result from the 
segmentation of a single NMJ that occurs when the 
myofiber increases in size with maturation. 


These results can be discussed with those observed 
in extraocular muscles, since multi-innervation was 
also described there.®-!! The percentage of multi-in- 
nervated myofibers in such muscles is nearly the 
same as those we found in intrinsic laryngeal mus- 
cles.?:!9 However, in extraocular muscles, the pat- 
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tern of innervation (unineuronal or polyneuronal) 
was previously controversial.?8:29 Finally, Oda3? dem- 
onstrated that multi-innervated myofibers of human 
extraocular muscles receive terminal nerve endings 
from different axons (polyneuronal multi-innerva- 
tion). Thus, this pattern of innervation is different 
from the unineuronal pattern of innervation that we 
found in laryngeal muscles. To our knowledge, no 
comparison between perinatal and adult multi-inner- 
vation in human extraocular muscles has been re- 
ported in the literature. 


In conclusion, the persistence of embryonic poly- 
neuronal innervation in intrinsic laryngeal muscles 
of the infant was the striking feature that we ob- 
served. This finding could result from a delayed pro- 
cess of synapse elimination occurring later than in 
skeletal muscles, since unineuronal innervation was 
exclusively found in adults. This hypothesis is sup- 
ported by the observation that mature motor inner- 
vation of human laryngeal muscles is not present at 
birth. Further studies are needed to relate these find- 
ings to the laryngeal dysfunctions observed in new- 
borns. 
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Successful laryngeal transplantation will require adequate reinnervation of the larynx to allow phonation, coordinated swallow- 
ing, and respiration. A delay between laryngectomy and transplantation would be necessary in oncology patients because of the need 
for immunosuppression. In these patients, reinnervation of the donor organ would require “banking” and recovery of dormant 
recipient recurrent laryngeal nerves (RLNs). This pilot study was undertaken to compare the effectiveness of RLN storage using 1 of 
2 techniques: 1) inserting the nerve into a muscle pocket or 2) anastomosing the proximal RLN stump to the ansa cervicalis. Six 
months following nerve transection and “banking,” the proximal anterior branch of the RLN was reanastomosed to the distal ante- 
rior segment and the posterior branch was anastomosed directly to the posterior cricoarytenoid muscle, Tensionometry, image analy- 
sis, and electromyographic data were collected 1 year later. Results show reinnervation of adductors and abductors with both tech- 
niques. Banking of the RLN branches during total laryngectomy is effective and should permit delayed physiological reinnervation 


following laryngeal transplantation. 


KEY WORDS — delayed reinnervation, laryngeal reinnervation, laryngeal transplantation. 


INTRODUCTION 


Laryngeal transplantation remains an elusive goal 
of laryngologists. Several criteria must be met in or- 
der for laryngeal transplantation to be successful. The 
donor organ must work as a dynamic functional unit 
that allows phonation, coordinated swallowing with- 
out aspiration, and an adequate airway diameter. 
These functions must be equal to or better than those 
of patients with a total laryngectomy and excellent 
tracheoesophageal fistula speech. 


Immunosuppression must be adequate to allow or- 
gan survival without significant compromise of the 
patient’s overall health or oncological result. Unless 
more targeted immunosuppression is developed, pa- 
tients with malignancies will require a delay between 
laryngectomy and transplantation in the range of 1 
to 2 years in order to reduce the likelihood of recur- 
rence. This delay adds complexity to an already chal- 
lenging task, requiring return of appropriate func- 
tion of a recipient nerve that has been dormant for 
an extended period of time. The nerve must have 
adequate axon sprouting into the donor larynx to re- 


innervate the musculature. Once the larynx has been 
transplanted, 6 to 12 months must pass before the 
functional outcome is known. In the interim, the pa- 
tient requires tracheostomy and must depend on alter- 
native methods of communication, such as use of an 
electrolarynx. 


Techniques and outcomes of laryngeal reinnerva- 
tion have varied. Methods include direct anastomo- 
sis,!? nerve grafting? with nerves such as the vagus 
and phrenic, laryngeal nerve-muscle pedicle,‘ and 
nerve-muscle pedicle reinnervation with a branch of 
the ansa. Outcome has been contradictory at times, 
with some investigators reporting poor outcome with 
little evidence of reinnervation® and others report- 
ing moderate to good results.57:8 More recent tech- 
niques have involved selective reinnervation of the 
abductor and adductor branches of the recurrent la- 
ryngeal nerve (RLN).2:8 These results have been prom- 
ising, achieving reinnervation and function while 
minimizing the problem of synkinesis? and paradox- 
ical vocal cord motion. However, each of these stud- 
ies was done with immediate repair or grafting. 
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The current study was undertaken to address the 
outcome of “banking” nerves for later transplanta- 
tion, to minimize degeneration of the nerve. Two dif- 
ferent methods were used and results were compared 
in this preliminary study. Neural storage, or anasto- 
mosis to a branch of the ansa, was compared to the 
use of a nerve-muscle pedicle or a nerve-muscle 
“pocket.” 


MATERIALS AND METHODS 


Experimental Model. Two male mongrel dogs (25 
and 35 kg) were studied. The first dog underwent 
division of the anterior and posterior branches oi the 
RLN with anastomosis of the proximal segments to 
the ansa cervicalis. The second dog underwent divi- 
sion of these branches with use of a nerve-muscle 
pedicle to the sternothyroid muscle for the posterior 
branch, with the anterior branch being tucked directly 
into a muscle pocket of this same muscle. 


Methods. Each dog was anesthetized with intrave- 
nous pentobarbital sodium and placed supine on an 
operating table. Direct laryngoscopy was performed 
to confirm normal laryngeal anatomy. The animal 
was intubated with a 7.0 endotracheal tube under di- 
rect visualization, and kept under general anesthesia 
with inhalation of halothane in the range of 1% to 
1.5%, with oxygen at 4 L/min. 


A midline incision was made from the upper bor- 
der of the thyroid cartilage to just below the cricoid 
cartilage. The superior laryngeal nerve was identi- 
fied and preserved. The inferior border of the crico- 
pharyngeus was cut to allow access to the distal por- 
tion of the RLN at the point of bifurcation into ante- 
rior and posterior branches, and the branches were 
then isolated on the left side. In the first experimen- 
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Fig 1. Schematic of surgical procedure for ansa 
storage. A) Stage 1 procedure with anastomosis 
of proximal anterior and posterior branches to ansa 
cervicalis branches. B) Stage 2 procedure with 
anastomosis of proximal anterior branch to distal 
segment of anterior branch, and placement of pos- 
terior segment into pocket of posterior cricoary- 
tenoid (PCA) muscle. RLN — recurrent laryngeal 
nerve. 


tal dog, branches of the ansa cervicalis were identi- 
fied and cut. The proximal segments of the anterior 
and posterior branches of the RLN were then anasto- 
mosed to distal segments of the ansa (Fig 1). The 
second experimental animal had a muscle pedicle 
cut from the posterior cricoarytenoid (PCA) muscle 
for the posterior branch of the RLN. This muscle 
pedicle was sutured to the sternothyroid muscle. The 
anterior branch was cut, and the proximal neural end 
was placed into a pocket in the strap muscle and se- 
cured (Fig 2). The wounds were then closed, and the 
animals were recovered. 


The dogs were kept for 6 months and then returned 
to the operating room for a second procedure, al 
which time the anterior and posterior branches of 
the RLN were reanastomosed or placed into target 
muscles. By the same protocol, the dogs were placed 
under general anesthesia. Via the same approach, the 
anterior and posterior branches of the RLN were iso- 
lated. The proximal and distal ends of the anterior 
branches were identified and reanastomosed; in the 
first dog, this required transection of the RLN-ansa 
segment. The new anastomosis may have contained 
a portion of the ansa graft. The posterior branch was 
cut, again possibly with some ansa graft, and the end 
was inserted into a pocket of the PCA muscle. In the 
second dog, the proximal portion of the anterior 
branch was cut just prior to its insertion into the strap 
muscle. The distal end of the anterior branch was 
located, and the nerve ends were reanastomosed. The 
posterior branch was cut just as it entered the strap 
muscle, and the proximal end was tucked into the 
PCA muscle. The dogs were again recovered, with 
suture removal at about 2 weeks. 


One year later, the dogs were returned for a third 
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Fig 2. Schematic of surgical pro- 
cedure for muscle storage. A) — stemothyroid 
Stage | procedure with banking 
of anterior branch into pocket of 
sternothyroid muscle and muscle 
pedicle of posterior branch into 
strap muscle. B) Stage 2 proce- 
dure with anastomosis of proxi- 
mal and distal ends of anterior 
segment, and placement of pos- 
terior segment into pocket in PCA 
muscle. 


A 


surgery, at which time tensionometry, video, and 
electromyography (EMG) data were collected. The 
same protocol for general anesthesia was followed. 
A midline incision was made from the superior end 
of the thyroid cartilage to just above the sternal notch. 
A distal tracheostomy was placed, and the oral endo- 
tracheal tube was removed. A mouth gag was used 
to allow direct visualization of the larynx. A button 
was placed through the epiglottis to suspend the epi- 
glottis out of the field of view. Videolaryngoscopy 
and tensionometry were performed with obstructive 
respiratory dyspnea. Electromyography was per- 
formed under conditions of obstructive respiratory 
dyspnea and pharyngeal stimulation, recording sig- 
nals from the PCA and thyroarytenoid (TA) muscles, 
respectively. The first dog, with muscle banking, de- 
veloped bilateral tension pneumothoraces during the 
experiment and was unable to be resuscitated. Ten- 
sionometry data are not available for this animal. 


The RLNs were dissected out bilaterally, and rub- 
ber electrodes (monopolar, flexible, conductive neo- 
prene with silicone, coated by insulating silicone 
KE45 W) were applied. Videolaryngoscopy and ten- 
sionometry data were collected with nerve stimula- 
tion. Finally, the animals were humanely euthanized 
according to the Animal Care and Use protocol. The 
anterior and posterior branches, as well as the main 
trunk, of the left RLN were harvested from both ani- 
mals. The larynx was also removed. All tissue was 
placed in 10% formalin for fixation. 


Equipment. For videolaryngoscopy, a 0° Storz en- 
doscope was placed through the mouth and above 
the vocal cords. A video camera was used to record 
images on a Sony U-matic Videocassette Recorder, 
model VO-9850 (Sony, Japan). Analysis was per- 
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formed with ImagePro for Windows 3.1 software 
(Media Cybernetics, NJ) on a Zeos 486 PC, with a 
FlashPoint ISA (Version 2.0, Integral Technologies, 
Indianapolis, Ind) color frame grabber. Measure- 
ments were made of vocal cord excursion under the 
given conditions, to compare the relative excursion 
of each side against the midline. Measurements were 
made of glottal area in the relaxed state and with 
maximal abduction. Measurements with nerve stimu- 
lation were compared from separate trials. 


Abductory force measurements were made by a 
“tensionometer,” as described by Nasri et al,!° by 
placing a straight rod with a plate with a surface area 
of 3.06 mm? just lateral to the midportion of the ary- 
tenoid. The tensionometer was adapted with a digi- 
tal force gauge (DF-0.5R, Shimpo, Japan). Adductory 
measurements were made with the same rod, by plac- 
ing the plate medial to the true vocal cord, just anteri- 
or to the anterior border of the arytenoid. Compara- 
tive measurements were made for abductory and ad- 
ductory force under each set of conditions. Five se- 
quential measurements of abduction or adduction 
were made for each trial. Zero and peak readings 
were recorded, and the zero settings were subtracted 
out. 


A constant current nerve stimulator was used (WR 
Medical Electronics Co, St Paul, Minn, model S2LH) 
for RLN stimulation. The frequency and duration of 
stimuli were 80 Hz and 1.5 milliseconds’ duration, 
respectively. The stimulus levels for abduction mea- 
surements were set by finding the threshold level 
for maximal abduction, The adductory measurements 
were made at the threshold for complete glottal clo- 
sure. 

Electromyography was performed with the Nicolet 
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TABLE 1. TENSIONOMETRY DATA FOR ANSA 
STORAGE ANIMAL 











Right Left 
PCA (abduction) E 
Tube occlusion 1.95 + 0.71 2.42 + 0.24 
RLN stimulation 2.72 + 0.08 1.98 + 0.40 
TA (adduction) 
RLN stimulation 4.38 + 0.50 4.50 +0.25 


Data are in grams (mean + SD). 
PCA — posterior cricoarytenoid, RLN — recurrent laryngeal nerve, 
TA — thyroarytenoid. 


Viking IV system (Nicolet, Madison, Wis). Concen- 
tric needle electrodes (26 gauge, 3.7 cm long, record- 
ing area 0.068 mm2; Nicolet) were used, with the 
needles placed into the respective muscles via a trans- 
oral approach. 


All animal protocols were approved by the UCLA 
Animal Care and Use Committee and were per- 
formed in compliance with the local, state, and feder- 
al regulations for the humane use of animals in re- 
search. 


Statistical Analysis. Statistical analysis was per- 
formed by a l-way, repeated-measures analysis of 
variance comparing sides under each set of condi- 
tions. Tensionometry data were assessed to compare 
abductory and adductory force on sides under condi- 
tions of nerve stimulation and obstructive respirato- 
ry dyspnea. The data were analyzed with SYSTAT 
software. Glottal images obtained from nerve stimu- 
lation were analyzed to compare vocal cord excur- 
sions on each side. These data are reported in terms 
of mean and standard deviation. 


RESULTS 


Tensionometry. Tensionometry data are available 
only for the dog that underwent ansa storage (Table 
| and Fig 3). The results show no significant differ- 
ence between the left side and the right for abductory 


E Ansa- Nerve stimulation, right 
@ Ansa- Nerve stimulation, left 


Force of adduction (gms) 





TABLE 2. IMAGE ANALYSIS COMPARING 
EXCURSIONS OF RIGHT VERSUS LEFT CORDS 
AND GLOTTAL AREA IN ANSA STORAGE ANIMAL 
VERSUS MUSCLE STORAGE ANIMAL 


Change 
Left in Area* 





Right 





Tube occlusion 


Ansa 57.13£1.99 42.8741.99 36.97 +4.42 


Muscle 61.80 +2.32 38.20+2.32 30.89+3.88 
Stimulation of RLN 

Muscle 33.79 + 6.66 37.22 + 4.13 
After SLN transection 

Muscle 15.89 + 4.21 


Data are percent (mean + SD), 
SLN — superior laryngeal nerve. 
“Relaxed state to maximal abduction. 





force under conditions of tube occlusion. With stimu- 
lation of the posterior branch of the RLN, abductory 
force was greater on the right than the left, with a 
statistically significant difference: p < .05, F(1,4) = 
25.35. With stimulation of the main trunk of the RLN, 
there was nearly equal force of adduction and no sta- 
tistically significant difference. 

Image Analysis. Video data demonstrated vocal 
cord excursion from midline of right versus left vo- 
cal cords, as well as change in glottal area from the 
relaxed state to full abduction under varying condi- 
tions (Table 2 and Fig 4). These results show the 
excursion on the right to be approximately 57% of 
the glottal width, versus 43% for the left under condi- 
tions of tube occlusion for the animal with ansa stor- 
age (SD 1.99%). This 43% for the left represents 
75% of the excursion demonstrated on the right. The 
animal with muscle storage had 62% for the right 
versus 38% for the left, under the same conditions 
(SD 2.32% for both sides). This is 62% of the ex- 
pected excursion, or the excursion found on the right. 
The change in glottal area from the relaxed state to 
full abduction with tube occlusion shows a 36.97% 
change (SD 4.42%) in total area with ansa storage, 


Ansa-Tube occlusion, right 
Ansa-Tube occlusion, left 


Ansa-Nerve stimulation, right 
Ansa-Nerve stimulation, left 


Force of abduction (gms) 





Fig 3. Ansa storage. A) Force of adduction with nerve stimulation, right versus left. B) Force of abduction, 
tube occlusion versus nerve stimulation, right versus left. 
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WE Ansa- Tube occlusion 
@ Muscle- Tube occlusion 





Fig 4. Image analysis. A) Relative excursion with tube occlusion, ansa versus muscle storage. right versus 
left. B) Percentage change in area with tube occlusion, ansa versus muscle storage. 


versus only a 30.89% change (SD 3.88%) with mus- 
cle storage. The results for RLN stimulation show a 
33.79% change (SD 6.66%) in area with stimulation 
on the right versus a 37.22% change (SD 4.13%) 
with stimulation on the left in the dog with muscle 
banking. No RLN stimulation data are available for 
the ansa storage dog. 


Electromyography. The EMG data for the 2 ani- 
mals showed evidence of selective reinnervation of 
the TA and PCA muscles (Figs 5 and 6). There was 
physiologically appropriate firing of motor units, the 
PCA firing with respiration and the TA firing with 
pharyngeal stimulation and adduction. The dog with 
ansa storage showed a single motor unit for both the 
TA and PCA muscles. The dog with muscle storage 
demonstrated similar signals, although with smaller 
motor units. 


DISCUSSION 


The success of laryngeal transplantation for can- 
cer patients requires the coordination of immunosup- 
pression and functional reinnervation. The latter ap- 
pears to be the most limiting factor, while improve- 
ments in immunosuppression have allowed excel- 
lent results in solid organ transplantation. Techniques 
in reinnervation have evolved, especially over the 
past 20 years, with methods to avoid synkinesis. In 
our laboratory, selective reanastomosis of the adduc- 
tor and abductor branches has been successful in 
achieving reinnervation with functional, physiologi- 
cal motion.?:!° 


The desire to avoid immunosuppression of can- 
cer patients requires a delay in transplantation until 
the risk of cancer recurrence is low. In order for these 
patients to be eligible for future transplantation, they 
would need to have their RLNs preserved by “bank- 
ing” them to prevent nerve degeneration. 


The results of this study demonstrate return of 
physiological motion following denervation of the 
anterior and posterior branches of the RLN with a 6- 
month delay between transection and reanastomosis. 
One year was allowed for neural regeneration prior 
to data collection. Two different techniques of bank- 
ing were used: ansa cervicalis storage with neural 
anastomosis of the proximal segments of the anteri- 
or and posterior branches of the RLN to branches of 
the ansa; and muscle storage with the anterior branch 
tucked into a pocket in the sternothyroid muscle, and 
a muscle pedicle of the posterior branch attached to 
this same strap muscle. 


Tensionometry data show good return of force 
with ansa storage, with nearly equal adductory force. 
Abductory force also had good recovery, with no sta- 
tistically significant difference between the operated 
and control sides with obstructive respiratory dysp- 
nea. With nerve stimulation, there was a significant 
difference, with the left being weaker than the right. 
Tensionometry measures could not be performed in 
the muscle banking animal. 


The image data also support the recovery of both 
laryngeal abduction and adduction. Both animals had 





200 uy 


Fig 5. Electromyography with ansa storage. A) 
PCA muscle with tube occlusion in single mo- 
tor unit followed by burst of activity with ab- 
duction. B) Thyroarytenoid (TA) muscle with 
glottal closure in single motor unit and activ- 
ity with adduction. 
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Fig 6. Electromyography with muscle storage. A) PCA muscle with tube occlusion in distant single motor unit and tracing 
showing phasic activity with respiration. B) TA muscle with glottal closure in single motor unit and tracing showing variation 


in activity with contraction. 


appropriate vocal cord motion with obstructive respi- 
ratory dyspnea and nerve stimulation. The ansa stor- 
age animal had an excursion of 75.04% of expected 
for the operated side with obstructive respiratory 
dyspnea (42.87% of total glottal excursion on the 
operated side versus 57.13% for the nonoperated or 
control side). The dog with muscle storage achieved 
61.8% of excursion with tube occlusion. Compari- 
son of changes in glottal area with tube occlusion 
demonstrate a greater percentage change from the 
relaxed state to complete abduction in the animal 
with ansa storage versus the muscle banking dog 
(36.97% change for ansa versus 30.89% change for 
muscle). 


Electromyography data also demonstrated reinner- 
vation in both animals, with PCA motor units firing 
appropriately with respiration under obstructive dys- 
pnea conditions. Thyroarytenoid motor units fired 
with light anesthesia and subsequent glottal closure. 





Overall, results from “banking” the nerves dem- 
onstrated functional recovery and reinnervation with- 
out synkinesis following 6 months of neural stor- 
age. Both methods were successful. Anastomosis to 
a similar-size nerve such as the ansa cervicalis would 


` be expected to be preferable for nerve preservation, 


rather than storage in a muscle. Because only 2 ani- 
mals were studied, additional investigation is neces- 
sary to determine whether one method offers a con- 
sistent advantage over the other. 


Moreover, results from this study indicate that cur- 
rent patients who undergo total laryngectomy should, 
when it is oncologically feasible, undergo banking 
of the anterior and posterior RLN branches on at least 
1 side. It is impossible to predict how immunosup- 
pression techniques will evolve. Total laryngectomy 
patients with banked nerves will have the potential 
to undergo laryngeal transplantation with return of 
physiological function. 
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PEDIATRIC TRACHEOSTOMY: A CHANGING PROCEDURE? 
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In 1982, the experience with tracheostomy at The Children’s Hospital of Philadelphia was reported for 1971 through 1980. We 
have now reviewed 450 cases for the period from 1981 through 1992, and compared the characteristics of these cases with those in 
the previous review. Long-term follow-up was available on 83% of cases, and the median follow-up was 2.96 years. Patients re- 
ceived a tracheostomy for airway obstruction (38%), chronic ventilation (53%), or multiple indications (9%). The mean duration of 
tracheotomy (adjusted for death and loss to follow-up) was 2.13 years. The tracheostomy-related mortality was 0.5%, and the non— 
tracheostomy-related mortality was 22%. Nineteen percent of patients had complications in the first postoperative week, and 58% 
had 1 or more late complications. In comparison with the previous study from our institution, there was a great increase in long-term 
tracheostomy and a continuing trend away from tracheostomy for short-term airway management. Better monitoring and improve- 
ments in parental teaching may have contributed to a decrease in tracheostomy-related mortality. 


KEY WORDS — airway obstruction, tracheostomy. 


INTRODUCTION 


In 1982, we reported the pediatric tracheostomy 
experience at The Children’s Hospital of Philadel- 
phia from January 1971 through December 1980.! 
Several important trends were evident from that re- 
view. The yearly incidence of tracheostomy remained 
relatively constant during the decade of study. Up- 
per airway obstruction (24%) and neurologic disor- 
ders (24%) were the primary diagnoses. The most 
common indication for tracheostomy was prolonged 
intubation (53%), with the other major indications 
being upper airway obstruction (39%) and pulmo- 
nary toilet (4%). The overall complication rate was 
49%, with an early complication rate of 28% and a 
late complication rate of 53%. The tracheostomy- 
related mortality was 2%. To determine if there had 
been a change in the demographics and complica- 
tion rates of pediatric tracheostomy over the past 2 
decades, we conducted a review of the tracheostomy 
experience from 1981 through 1992 for comparison 
with our previous study. 


METHODS 
Tracheostomies performed at The Children’s Hos- 
pital of Philadelphia from January 1981 through De- 
cember 1992 were reviewed retrospectively. A list 
was compiled from the operative logs and included 


tracheostomies performed by the otolaryngology and ` 


general surgery services. A total of 450 cases were 
identified. These were analyzed with respect to the 
following variables: age, diagnosis, indication for 


procedure, duration of tracheostomy, early and late 
complications, and mortality. Early complications 
were defined as those occurring in the operating room 
or during the first postoperative week. At the end of 
the first week, the tracheostomy stoma was felt to 
be mature, and the first tube change was performed. 
Late complications were defined as those occurring 
after the first week. Documentation was variable, be- 
cause some patients were transferred to other institu- 
tions within days of their surgery and because parts 
of the chart could not be located in some cases. De- 
mographic data, diagnoses, and indications for tra- 
cheostomy were available for at least 97% of cases. 
Records were available for 373 patients during the 
first week. Long-term follow-up data (90 days or 
until death or decannulation) were available for 373 
patients. Some children in the early complication 
analysis were lost to long-term follow-up or died 
within the first week. An equal number of cases ex- 
cluded from that analysis received long-term trache- 
ostomy care by our department and are included in 
the late complication series. 


RESULTS 


The great majority (67%) of the pediatric trache- 
ostomies were performed during the first year of life 
(Fig 1). The number of tracheostomies performed 
remained relatively constant during the years of the 
study, without obvious changes in age distribution. 
As with the previous study, there was a slight male 
predominance (58%). The primary indications for 
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PERCENT OF PATIENTS 


AGE, YEARS 


Fig 1. Distribution of patients by age at time of tracheos- 
tomy: 1981-92 (n = 436 patients). 


tracheostomy remained virtually unchanged from the 
1971-80 study, with prolonged ventilation remain- 
ing the most frequent indication for surgery (53% of 
cases in both series). Airway maintenance was the 
primary indication in 39% of cases in the first series 
and in 38% in this series. The remaining cases had 
other or multiple indications. 


Bronchopulmonary dysplasia (BPD) was the pri- 
mary diagnosis of greatest incidence (29%), followed 
by neurologic disorders (24%; Fig 2). Use of trache- 
ostomy for the management of croup was much less 
common in the 1981-92 study compared to the 1971- 
80 study: 1.1% versus 7.6%, a significant reduction 
(p<.001). The duration of tracheostomy ranged from 
5 days to 12.8 years. The median was 778 days, as 
estimated by using the Kaplan-Meier statistic to ad- 
just for intercurrent death and incomplete follow- 
up. An increase in tracheostomies of greater than 24 
months’ duration in this study compared to the previ- 
ous one (53% versus 17% as estimated from Kaplan- 





LARYNGOTRACHEOMALACIA 
TRACHEOESOPHAGEAL FISTULA 


PRIMARY DIAGNOSIS 





0 10 20 30 
PERCENT OF PATIENTS 
Fig 2. Primary diagnoses of tracheostomy patients: 1981- 
92 (n = 445 patients). Bronchopulmonary dysplasia was 
more common, and croup much less common, than in 
previous decade. UAOBS — upper airway obstruction, 
Misc. — miscellaneous. 


Meier curves) was due to the increase in chronically 
ventilated patients (Fig 3). Of the 373 patients with 
long-term follow-up, 190 were decannulated, 94 
died, and 89 were still cannulated. For these cannulat- 
ed patients, the median follow-up was 2.96 years. 


Among the 373 patients with 1 week of follow- 
up, 71 patients suffered 92 early complications (Table 
1). Obstruction of the tracheostomy tube was the 
most common early complication, seen in 10% of 
cases. Accidental decannulation was seen less fre- 
quently than in the 1971-80 study (5% versus 24%). 
In examining the prevalence of early complications, 
there was no statistically significant difference be- 
tween children under 1 year of age and those older 
than 1 year. 


Among the 373 patients with long-term follow- 
up, there were 409 late complications affecting 216 
patients (Table 2). Of the late complications, tracheal 


25 25 
g O to 30 days 1 to 12 months 
E 20 20 
© 15 15 
5 
510 10 
Fig 3. Duration of tracheostomy from 1971 to 2 
1992 at Children’s Hospital of Philadelphia, ad- 3 a 5 


justed for death and loss to follow-up. Three- 
point smoothing was employed. For example, 
each 1972 data point is sum of one half of origi- 
nal 1972 datum, plus one quarter of 1971 and 25 
1973 points. Likewise, 1991 — last point — is 
weighted average of 1990 through 1992. Trend 
away from short-term tracheostomy continues, 
and there is great increase in long-term trache- 
ostomy. 
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TABLE 1. EARLY COMPLICATIONS 








(WITHIN SEVEN DAYS) 
Patients 
Complication No. % 
Obstruction 37 9.9 
Accidental decannulation 18 4.8 
Infection 18 48 
Pneumothorax 5 1.3 
Pneumomediastinum 3 0.8 
Pneumonia 3 0.8 
Emphysema 2 0.5 
Hemorrhage 1 0.3 
Other 5 1.3 
All complications 92 24.7 
Patients with 1 or more complications 71 19.0 
Patients with none 302 81.0 
Total patients 373 100.0 


Based on patients followed up for at least 7 days, or until death or 
decannulation. 





granulomas were most common (41%), while the 
prevalence of tracheocutaneous fistula remained al- 
most exactly the same as in the 1971-80 study (20%). 
Children under 1 year of age were significantly more 
likely than older children to have complications; 66% 
of the younger and 42% of the older children had 1 
or more complications (p < .001). 


In reviewing overall mortality, the Kaplan-Meier 
survival curves, adjusted for cases decannulated or 
lost to follow-up, show a higher short-term mortali- 
ty in the 1971-80 series, which included many chil- 
dren receiving a tracheostomy for cardiac surgery 
(Fig 4). The adjustment for decannulated patients per- 
mits comparisons between the 2 series in spite of 
their very different durations of tracheostomy and 
illustrates the survival experience of those patients 


TABLE 2. LATE COMPLICATIONS (AFTER 7 DAYS) 














Patients 
Complication No. % 
Tracheal granuloma 152 40.8 
Tracheocutaneous fistula 73 19.6 
Infection 55 14.7 
Stomal granulation 36 9.7 
Obstruction 31 8.3 
Accidental decannulation 21 5.6 
Pneumonia 8 2.1 
Tracheomalacia 5 1.3 
Pneumothorax 2 0.5 
Hemorrhage 2 0.5 
Other 24 6.4 
All complications 409 109.7 
Patients with 1 or more complications 216 57.9 
Patients with none 157 42.1 
Total patients 373 100.0 


Based on patients followed up for at least 90 days, or until death or 
decannulation. 
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PERCENT SURVIVING 
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Fig 4. Kaplan-Meier curves for 1971-80 and 1981-92 
series comparing survival of children with tracheosto- 
mies. Higher mortality in 1971-80 series reflects greater 


use of tracheostomy for airway management in acutely 
ill patients during that period. 


who were tracheostomized for long periods, but it 
does exaggerate the actual mortality per tracheosto- 
my. Tracheostomy-related mortality declined from 
2% in the 1971-80 study to 0.5% in the current se- 
ries. Mortality from other causes, not adjusted for 
loss to follow-up, was 22% in this series and 26% in 
the previous series. 


COMMENT 


The incidence of tracheostomy in the 1981-92 
study remained relatively constant with only a slight 
decrease in number compared to the 1971-80 study 
from our institution: 37.5 cases per year versus 42 
cases per year.! Figure 5 demonstrates a declining 
incidence of tracheostomy when compared to the 
number of hospital admissions. Figure | illustrates 
the peak prevalence at 3 to 4 months of age — a 
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Fig 5. Incidence of tracheostomy as percentage of hos- 
pital admissions from 1971 to 1992 at Children’s Hospi- 
tal of Philadelphia. Number of procedures per year has 
been fairly constant, but percentage of admissions has 
declined as number of admissions per year has increased. 
Three-point smoothing was used, as described in Fig 3. 
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peak noted by other authors.? Nearly three quarters 
of patients in this series were under the age of 2, 
compared to 58% in the 1971-80 series. This trend 
toward younger age is illustrated in Fig 6 and has 
been reported by others.3 In several series of pediat- 
ric tracheostomy patients, the male-female ratio rang- 
es from equal to a male predominance of 2 to 1.79 
Our series had a male-female ratio of 1.41 to 1. 


In comparing the 1971-80 and 1981-92 series, 
there has been essentially no change in the propor- 
tion of indications for tracheostomy. These values 
are similar to those reported by Waki et al,8 but dif- 
fer from those of Crysdale et al,4 who reported a 
much greater incidence in children suffering from 
airway obstruction. Ward et al? have reported an in- 
creasing incidence of tracheostomy for prolonged 
ventilation and a coinciding decrease for airway ob- 
struction, but their study included only children un- 
der 5 years of age. 


In the 1971-80 study, upper airway obstruction and 
neurologic disorders were the most frequent diagno- 
ses. In the current study, the incidence of neurologic 
disorders has remained the same, while BPD has be- 
come the most frequent diagnosis of pediatric trache- 
ostomy patients. The statistically significant increase 
in patients with BPD in the 1981-92 study as com- 
pared to the 1971-80 study (29% versus 12%; p < 
.001) is a reflection of the longer survival of patients 
with this disorder who would not have survived in 
the past. While the incidence of tracheostomy for 
BPD has increased, there has been a coinciding de- 
crease in the need for tracheostomy in the treatment 
of laryngotracheobronchitis (croup) that is a reflec- 


tion of improved airway management by pediatric ` 


intensivists at this hospital. 
In the 1971-80 study, 34% of the tracheostomies 
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Fig 6. Trends of age at tracheostomy from 1971 
through 1992. Three-point smoothing was em- 
ployed, as described in Fig 3. Proportion of in- 
fants has increased with greater number of 
cases of bronchopulmonary dysplasia and de- 
creased use of tracheostomy in short-term man- 
agement of acutely ill patients and surgical 
cases. 
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were of less than 1 month’s duration, adjusted for 
losses to follow-up and death. Use of tracheostomy 
for cardiac and craniofacial surgery and to manage 
the airway in acute epiglottitis accounted for many 
of these cases. In the 1981-92 review, only 6% of 
tracheostomies were of less than 1 month’s duration, 
and approximately 72% were of up to a year’s dura- 
tion. This increase in the duration of tracheostomy 
is demonstrated in Fig 3 and reflects an increasing 
need for chronic ventilation and increased survival 
of such patients — a change noted by other authors.3.6 


The prevalence of early complications in the 
1981-92 study mirrors that of the previous study, al- 
though obstruction of the tracheostomy tube occurred 
more commonly in the 1981-92 study. Other major 
complications include accidental decannulation and 
infection involving either the stoma or the trachea. 
These 3 major complications were reported common- 
ly in other series. Pneumothorax and pneumomedi- 
astinum occurred in a few patients in this series and 
were the most frequent complications in series by 
Arcand and Granger,? Line et al,> and Waki et al.8 


Tracheal granulation and persistent tracheocuta- 
neous fistula were the most commonly reported late 
complications, as observed by others.3-48.9 Acciden- 
tal decannulation occurs more frequently than the 
6% represented in the current series. Many episodes 
of accidental decannulation remain unreported un- 
less significant morbidity occurs. 


The tracheostomy-related mortality in the current 
series, at 0.5%, was one quarter of that seen in the 
1971-80 series. This mortality compares favorably 
to tracheostomy-related mortalities seen in other se- 
ries, which range from 0.9% to 5%.28.9 The de- 
crease in tracheostomy-related mortality may be due 
in large part to the introduction of practical pulse 
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oximetry monitors; the first Nellcor model was 
cleared for marketing by the US Food and Drug Ad- 
ministration in late 1982 and rapidly gained accep- 
tance at this institution. Parent education has also 
gained more attention over the years, and may have 
contributed further to the decline in tracheostomy- 
related mortality. The non—tracheostomy-related mor- 
tality of 22% in this series compares to 26% in the 
previous series and a range of 14% to 33% in the lit- 
erature. !-6.8.9 


CONCLUSIONS 
Pediatric tracheostomy has shown a slight de- 


crease ias a percentage of hospital admissions over 
the past 20 years. The survival of a greater number 
of critically ill infants who require chronic ventila- 
tion has placed a greater demand upon the proce- 
dure of tracheostomy to provide access to the air- 
way. As a result, pediatric tracheostomy was per- 
formed more often in younger children, especially 
infants, during the past decade than in the previous 
one. Early and late complications remain unchanged, 
although there have been shifts in their incidence. 
Better monitoring and improvements in parental 
teaching may have contributed to the decrease in tra- 
cheostomy-related mortality. 
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FLUORESCENCE-GUIDED BIOPSY IN THE DIAGNOSIS OF AN | 
UNKNOWN PRIMARY CANCER IN PATIENTS WITH METASTATIC 
CERVICAL LYMPH NODES 
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This study was conducted to determine the effectiveness of fluorescence-guided biopsy in diagnosis of unknown primary can- 
cers in the head and neck. Thirteen patients with biopsy-proven cervical node metastases were evaluated prospectively with laser- 
induced fluorescence (LIF) endoscopy in parallel to panendoscopy. Among the 13 positive sites suggested by LIF imaging, 5 were 
confirmed by histopathology as squamous cell carcinoma, 4 as dysplasia, 2 as inflammation, and 2 as normal. Panendoscopy with 
random biopsies located 2. The 2 cases of squamous cell carcinomas discovered conventionally were identified by histologic sec- 
tions from ipsilateral tonsillectomy. In this series, the unknown primary cancers were localized by LIF imaging and conventional 
means at rates of 38.5% and 15.4%, respectively. The LIF imaging not only aided in revealing a greater proportion of occult primary 
cancers, but also helped in reducing the number of unnecessary biopsies. Fluorescence-guided biopsy diagnosis provides useful 
information for therapeutic planning with curative aim or for adequate palliation. 


KEY WORDS — fluorescence-guided biopsy, head and neck, laser-induced fluorescence imaging, unknown primary cancer. 


INTRODUCTION 


Detection of an unknown primary cancer has long 
been regarded as a difficult diagnostic problem. In 
the head and neck, approximately 5%! to 20%? of 
patients with metastatic neck nodes show no evi- 
dence of the primary cancer despite meticulous di- 
agnostic workups of the upper aerodigestive tracts. 
Furthermore, a conventional panendoscopy with 
multiple biopsies of the presumed sites of occult pri- 
mary cancers, ie, nasopharynx, tonsil, base of tongue, 
and pyriform sinus, can only achieve a 10% detec- 
tion rate.-4 In patients who undergo radical neck dis- 
section alone, the primary cancer will surface months 
or years later in 20% to 40% of cases. An additional 
30% of the primary sites can be located at autopsy.” 


Endoscopic localization of suspicious areas is 
based on the evidence of irregularity or granularity 
of the mucosal lining. Therefore, the sensitivity of 
endoscopic detection is limited by the capability of 
the human eye to visualize gross structural changes. 
A great majority of the primary malignancies that 
escape detection may still be confined, in their early 
stages of growth, to changes that involve molecular 
rather than structural alterations. Obviously, only de- 
vices or tests that are capable of sensing molecular 
signals or describing biochemical events can over- 
come this diagnostic barrier to disease discovery. 
Spectroscopy of in vivo tissue fluorescence is an ex- 


ample. Fluorescence endoscopic imaging using a he- 
lium-cadmium (He-Cd) laser has been demonstrated 
in the lung? and in the head and neck®’ to be partic- 
ularly effective in discovering early cancers that are 
invisible by white light endoscopy. In the head and 
neck, the sensitivity and specificity of this imaging 
modality are estimated to be 92.9% and 78.6%, re- 
spectively.’ To our knowledge, no study has been 
conducted using laser-induced fluorescence (LIF) 
imaging to evaluate patients with unknown primary 
cancers in the head and neck. This study aimed to 
determine how effective LIF imaging is in guiding 
the surgeon to the site of occult primary cancer. 


MATERIALS AND METHODS 


Patients. Over a period of 2 years (July 1995 to 
June 1997), 18 patients who had upper or midcervical _ 
masses proven to be metastases from squamous cell 
or undifferentiated carcinoma underwent extensive 
searches for locations of the primary cancers. All the 
efforts, ie, thorough history review, complete head 
and neck examinations, and extensive radiologic in- 
vestigations, failed to demonstrate the occult prima- 
ries. The patients were then referred to LIF imaging 
prior to undergoing panendoscopy as a conventional 
workup process. However, 5 patients were excluded 
for lymphoma, poor general condition or coopera- 
tion, intolerance to local anesthesia, and incomplete 
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TABLE 1. CHARACTERIZATION AND GRADING OF 
FLUORESCENCE IMAGE 


TABLE 2. DISTRIBUTION OF FLUORESCENCE 











IMAGES AMONG SIX DIFFERENT GRADES 





Likelihood Ratio* 
Fluorescence Previous Present 
Grade Fluorescence Image Study? Study 


Tb Single or multiple focal 14.04 5.18 
dark areas + clustered 
brown or rust-red dots 





Ma Single or multiple focal 4.07 10.37 
dark areas 

TIb Diffuse dark area + clus- 1.00 0.00 
tered brown or rust-red dots 

Ila Diffuse dark area 0.36 0.77 

Ib Green area + scattered 0 0 
bright red dots 

Ta Green area 0 0 


*Index describing how many times more likely it is for specified 
fluorescence grade to be found in malignant condition as compared 
to nonmalignant. 





investigation. The patients of both sexes, between 
35 and 81 years old, gave informed consent to en- 
roll in an institutionally approved program on tumor 
detection by LIF imaging. 


Imaging Device. The imaging system (Xillix Tech- 
nologies Corp, Vancouver, Canada) is equipped with 
a fiberoptic endoscope (Olympus BF 20D) that can 
either be connected to an external xenon light source 
for white light investigation or attached to an He-Cd 
laser (442 nm) for fluorescence endoscopy. The sys- 
tem is assembled with 2 cameras, ie, RGB and LIFE 
cameras. One serves in capture of refracted white 
light, and the other detects LIF signals. During the 
examination, the collected light signals were pro- 
cessed onto the imaging board of the system com- 
puter for image reconstruction. True color image gen- 
erated by white light and pseudocolor image recon- 
structed from fluorescent light were projected on a 
video monitor in real time. Images from sites of in- 
terest were stored in the system hard drive and re- 
called for subsequent analysis. 


Fluorescence Imaging and Biopsy. Under local an- 
esthesia, the patient was first examined with a fiber- 
optic endoscope with xenon white light to visualize 
the upper aerodigestive tracts including the nasophar- 
ynx, opening of the eustachian tubes, tonsils, base 
of tongue, pyriform sinuses, and larynx. This was 
meant to document the patient’s anatomy and to ob- 
serve primarily for any structural abnormality. The 
investigation was then repeated with an He-Cd laser 
to search for an abnormal fluorescence pattern. At 
least 18 images, both white light and fluorescent 
light, were collected from each patient. The fluores- 
cence images were graded into 6 levels according to 
the criteria defined in Table 1.7 Biopsies were di- 
rected to all sites that displayed grade Ib, Ia, or 





i Fluorescence Grade 
Site Í la_ Ib Ha _ Hb 








Illa _ IIIb 

Nasopharynx 5 5 0 0 l 
Eustachian tube 

Right 10 0 1 0 2 0 

Left 12 0 1 0 0 0 
Tonsil 

Right 10 0 2 0 1 0 

Left 11 0 0 0 1 1 
Base of tongue 6 0 3 0 3 l 
Pyriform sinus 

Right 9 0 3 0 0 1 

Left 12 0 0 0 0 1 
Larynx 12 0 0 0 1 0 


Data were collected from 13 patients (total 117 images). 








IIIb fluorescence. For areas with normal or unre- 
markable fluorescence, ie, grade Ia, Ib, or Ha, biop- 
sies were performed by random sampling. A likeli- 
hood ratio was calculated for each fluorescence grade 
based on the histopathologic diagnosis.’ 


A few days later, the patient was sent for panen- 
doscopy. The medical staff in charge of this proce- 
dure did not belong to the same group conducting 
the fluorescence study and had no knowledge of any 
fluorescence findings. Biopsy was directed to areas 
of abnormal mucosa. In case of no visible abnormal- 
ity, bilateral biopsies were conducted at random in 
the nasopharynx, tonsil, base of tongue, and pyri- 
form sinus, and last, tonsillectomy was performed 
on the side of a positive node. 


RESULTS 


Fluorescence Imaging. A total of 117 fluorescence 
images were collected from 13 patients with cervi- 
cal node metastatic squamous cell or undifferenti- 
ated carcinoma without apparent primary cancers. 
The images were rated according to the criteria de- 
scribed in Table 1. Distribution of images among dif- 
ferent fluorescence grades is documented in Table 
2. Seventy-four percent of images appeared normal, 
with grade Ia fluorescence. Biopsy was not recom- 
mended for this grade of fluorescence images be- 
cause of their unlikelihood to be associated with the 
neoplastic state? (Table 1). However, in this study, 
random biopsies were performed just to test whether 
the above proposition was true. In contrast, biopsies 
were advised whenever areas with high-grade fluo- 
rescence (grades IIb to IIIb) were located. The rec- 
ommendation was justified, since these abnormal 
fluorescence patterns displayed a high likelihood ra- 
tio for disease occurrence (Table 1). Noteworthily, 
there were 13 out of 117 sites that were suspected 
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TABLE 3. PERFORMANCE OF FLUORESCENCE- 
GUIDED BIOPSY IN DETECTING UNKNOWN 














PRIMARY CANCERS 
Detection Rate (%) 
Guided Random 
Diagnosis Biopsy* Biopsyf 
Carcinoma 38.5 (5/13) 0 (0/38) 
Dysplasia 30.8 (4/13) 5.3 (2/38) 
Nonmalignancy 30.8 (4/13) 94.7 (36/38) 


*Directed by high-grade fluorescence (IIb to IIb); total guided bi- 
opsy sites = 13. 

Conducted at random on areas with low-grade fluorescence (Ia to 
Ha); total random biopsies = 38. 





for malignancy (Table 2). 


Detection of Occult Primary Cancer. The LIF im- 
aging directed the surgeon to 5 sites of neoplasia and 
4 sites of dysplasia (Table 3), but failed to locate the 
occult cancers in 8 cases. Misguided biopsy of nor- 
mal and inflamed tissues occurred occasionally, at a 
rate of 30.8% (ie, 4/13). This was not considered a 
serious problem, since, with the aid of LIF imaging, 


the total of 117 random biopsies that were planned 
was reduced to 13. Unnecessary biopsies were re- 
duced from 112 to.4. However, random biopsies were 
conducted to see whether more of the neoplastic le- 
sions could be uncovered from areas of normal fluo- 
rescence, It happened that only 2 more dysplastic 
foci were discovered, while the rest of the biopsy 
specimens were reported as normal or showing in- 
flammation (Table 3). Patient characteristics and 
findings from various investigations are summarized 
in Table 4. In this series, a computed tomography 
(CT) scan of the nasopharynx and neck disclosed no 
hidden malignancies, despite some false-positive 
findings. On the other hand, LIF imaging aided the 
detection of the unknown primary cancers at a rate 
of 38.5%, while panendoscopy with multiple biop- 
sies detected only 15.4% of the cases. As a matter of 
fact, none of the white light examinations performed 
prior to fluorescence investigation revealed any sus- 
Picious sites to direct the biopsy. Under panendosco- 
py, 2 cases of primary squamous cell carcinoma were 
discovered by blind ipsilateral tonsillectomy rather 


TABLE 4. PATIENT CHARACTERISTICS AND FINDINGS FROM DIFFERENT MEDICAL EXAMINATIONS 








Cervical Node 
Metastasis Computed 
(Histology Tomography 
Patient Age Sex and Location) Scan 
1 35 F SCC, L node Negative 
2 54 M SCC, R node Negative 
3 75 F PDSCC,Rnode Not available 
4 67 M SCC, R node Positive (granuloma 
at R nasopharynx) 
5 48 M MDSCC,Lnode Negative 
6 56 F UDC, L node Negative 
7 40 F PDSCC,Rnode Not available 
8 60 F SCC, R node Not available 
9 38 M UDC, R node Negative 


10 69 M MDSCC,R node Not available 


11 81 
12 55 


PD SCC, R node 
SCC, L node 


Negative 
Not available 


zz 


13 36 M PD SCC,R node 


at R tongue base) 


Positive (inflammation Negative 


Panendoscopy Guided 
With Fluorescence Biopsy 
Biopsy Imaging Finding 
PD SCC (L tonsil) Positive (L tonsil) SCC 
Negative Negative None 
Negative Positive (R SCC (small 
pyriform sinus) cell type) 
Negative Negative None 
Negative Positive (larynx) Normal 
Negative Positive (tongue Normal 
base) 
Negative Negative None 
Negative Positive 
1. R tonsil 1. Mild 
2. Tongue base dysplasia 
2. Moderate 
dysplasia 
Negative Positive (R SCC 
eustachian tube) 
Negative Positive 
1. Tongue base 1. Moderate 
2. L pyriform dysplasia 
sinus 2. Moderate 
dysplasia 
Negative Negative None 
PD SCC (L tonsil) Positive 
1. L tonsil 1. SCC 
2. Tongue base 2. Bacterial 
infection 
Positive 
1. Nasopharynx 1. Chronic 
2. R eustachian inflammation 
tube 2. SCC 


SCC — squamous cell carcinoma, PD — poorly differentiated, MD — moderately differentiated, UDC — undifferentiated carcinoma. 
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than by visual observation and punch biopsy. It was 
likely that the hidden primary cancers were still con- 
fined to their early states of growth and that no struc- 
tural displacement or distortion was apparent for vis- 
ual inspection or radiographic examination. 


DISCUSSION 


Although cancer of unknown origin in the head 
and neck is not a common mode of clinical presen- 
tation,!2 its occurrence poses difficult problems in 
both diagnosis and treatment. The patient is subjected 
to extensive and lengthy investigations that often fail 
to unveil the occult primary cancer.? Without knowl- 
edge of the location of cancer, the treatment usually 
consists of neck dissection and/or radiotherapy of 
the neck including the nasopharynx, tonsils, base of 
tongue, and pyriform sinuses. After neck dissec- 
tion alone, the primary cancer show up later in 20% 
to 40% of the patients.4 Primary tumors erupt less 
commonly in irradiation-treated patients,* but nor- 
mal tissue complications are considerable.? The most 
common complaint from patients is permanent xero- 
stomia.? Definitely, discovery of the inapparent can- 
cer will allow the treatment to be focused on the dis- 
eased area while sparing the normal structures. 


As an alternative to panendoscopy, several radio- 
logic imaging modalities have been attempted to fur- 
ther disclose hidden malignancies. Muraki et al? used 
CT scan to identify sites of occult cancers in 4 of 17 
patients (23.5%). All the sites disclosed were tumors 
that deeply invaded structures in the nasopharynx (3 
sites) and tonsil (1 site). Rege et al!° detected sites 
in 2 of 4 patients (50%) by positron emission tomog- 
raphy (PET) using [18F]-fluoro-2-deoxy-D-glucose 
(FDG) as a tumor marker. Despite its clinical poten- 
tial, PET-FDG imaging may not be viable in terms 
of widespread usage, since the technology is ex- 
tremely expensive. It requires not only sophisticated 
imaging devices but also the complicated cyclotron- 
based production of radiopharmaceutical for on-site 
use. Nevertheless, the key element that contributes 
to the high sensitivity of PET-FDG imaging is the 
exploitation of changes in the biochemistry of can- 
cerous tissue, ie, an increase in glycolysis, as the basis 
of detection.!° 


In this study, we used a simple fluorescence en- 
doscopic system. The technique of endoscopic inves- 
tigation was similar to the conventional procedure 
that is familiar to all otolaryngologists. However, the 
principle of tumor detection is somewhat different. 


It is gas on differences in tissue autofluorescence 
properties between normal and cancerous tissues.!! 
The system has been shown to be highly sensitive in 
localizing cancers in the head and neck.®? In search- 
ing for unknown primary cancers, we were able to 
locate the hidden primary sites in 5 of the 13 pa- 
tients. All the lesions uncovered were squamous cell 
carcinomas in the tonsil, the opening of the eusta- 
chian tube, or the pyriform sinus. Noteworthily, all 
sites suggested by LIF imaging appeared normal un- 
der white light. In our hands, fluorescence-guided 
biopsy was 2.5 times more sensitive than random 
biopsy in diagnosis of the unknown primary cancer. 
Besidés, the clear-cut differences between the high- 
grade and low-grade fluorescence images were of 
great merit in directing the surgeon to conduct biop- 
sy only at the highly suspicious areas. Although mis- 
guided biopsy occurred at the rate of 30.8% (4/13), 
this was still considered acceptable when compared. 
to the rate of unnecessary biopsy, ie, 95.2% (99/104), 
encountered in panendoscopy. 


In this study, in 8 of the 13 patients, the primary 
cancers were undiscovered even by LIF imaging. It 
is likely that some tumors, such as those involving 
the nasopharynx, tongue base, or lingual and pharyn- 
geal tonsils,!2 might grow beneath intact mucosa, 
where the blue laser could not penetrate to reach the 
diseased tissue. !3 Although these submucosal tumors 
occur rarely,!? their existence does create difficul- 
ties in diagnosis. A CT scan was demonstrated to be 
effective for this clinical circumstance.®!2 In our 
series, the negative CT findings might be interpreted 
as a system limitation in detecting those hidden le- 
sions existing on a micrometer scale. Another possi- 
bility that might be invoked to account for part of 
the negative findings was a spontaneous regression 
of the primary cancers that represented a natural host 
defense mechanism. !4 


CONCLUSION 


Laser-induced fluorescence imaging was an effec- 
tive tool in discovering neoplastic lesions unknown 
to most conventional investigations. The system dis- 
played a unique fluorescence characteristic correlat- 
ing to the malignant change and thus made the task 
of tissue biopsy simple and reliable. Biopsies under 
the aid of LIF imaging would be more effective than 
those performed routinely and would contribute more 
clinically important information to the management 
of a patient with an unknown primary cancer in the 
head arid neck. 
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“© CAUTERY-ASSISTED PALATAL STIFFENING OPERATION 
| AND NASALANCE OF SPEECH 


CPT EVANNE M. HOOLSEMA, BSC, USAF 


PALATINE, ILLINOIS 


Velopharyngeal competence as indicated by nasalance of speech was tested in 18 men before and after a cautery-assisted palatal 
stiffening operation for snoring. Nasalance was measured preoperatively and postoperatively, with no significant changes noted 
following surgery. Although there were no objective or subjective changes in nasality of voice, these findings do not rule out all 
possible changes in velopharyngeal competence, since there were subjective complaints of nasal regurgitation and dysphagia. 


KEY WORDS — palatal stiffening surgery, snoring, speech quality, velopharyngeal competence. 


A number of surgical treatments for snoring have 
emerged within recent years. The most common, 
uvulopalatopharyngoplasty (UPPP), is performed un- 
der general anesthesia, requiring hospital admission. 
It prevents snoring by displacing the soft palate an- 
teriorly to prevent occlusion of the airway, but car- 
ries a risk of morbidity and mortality.! Laser-assisted 
uvulopalatoplasty (LAUP), first introduced by Ka- 
mami in 1990,2? is an office procedure requiring lo- 
cal anesthesia. A carbon dioxide (CO2) laser is used 
in successive stages to reduce and reshape the uvula 
and soft palate. An outpatient cautery-assisted uvu- 


lopalatoplasty was introduced by Zinder and-Post- 


ma,” in which a standard electrocautery device was 
used instead of a CO2 laser. The surgery required up 
to 4 stages to achieve a significant reduction in snor- 
ing. Blythe et al* reported on a single-stage proce- 
dure using an electrocautery device to remove the 
uvula and a portion of the soft palate. 


Finkelstein et al? studied results of UPPP based 
on 4 differing velopharyngeal valving mechanisms, 
which they say are due to variable anatomy. They 
observed nasal regurgitation, inability to withhold 
sneezing, and negligible speech changes, mainly in 
the group utilizing a coronal valving pattern (see 
Croft et al® for further description of the various ve- 
lopharyngeal valving patterns). The groups utiliz- 
ing valving patterns other than coronal compensated 
better for.the limitation of movement caused by the 
operation. The authors suggest that the relatively 
greater number of changes in nonspeech versus 
speech activities indicates different lateral pharyn- 
geal wall movement for these 2 types of activities. 


In a later study, Finkelstein et al’? compared ana- 
tomic changes following UPPP versus LAUP. They 
found very different anatomic configurations after 


surgery due to the difference in methods, and also 
each subject’s individual velopharyngeal valve clo- 
sure pattern. They found greater average enlargement 
of the oropharynx with the UPPP, while the scarring 
process of the LAUP caused a decrease in the én- 
largement. In addition, LAUP’s outcome was sub- 
ject'to greater influence by patients’ individual ana- 
tomic variations than was UPPP. The authors sùg- 
gest that LAUP may cure snoring but induce or ag- 
gravate dangerous obstructive sleep apnea (OSA) by 
increased airway resistance following scarring, while 
UPPP does not aggravate OSA. Stressing the goal 
of reducing sleep disturbances in general, not just 
snoring, they conclude that UPPP is the treatment of 
choice. 


More recent procedures have focused on palatal 
stiffening as opposed to palatal displacement to pre- 
vent airway occlusion and cure snoring. Ellis et al8 
introduced a palatal stiffening procedure in which a 
contact laser was used to remove a central longitudi- 
nal strip of mucosa from the oral surface of the soft 
palate. The advantages of a stiffening procedure over 
palatal displacement are reduced risks of palatal in- 
competence and fatality. Whinney et al? used punc- 
tate diathermy of the soft palate to achieve stiffen- 
ing. Morar et al!° used a CO2 laser to perform mu- 
cosal-strip/uvulectomy to induce scarring and sub- 
sequent stiffening. More recently, Mair reported on 
the cautery-assisted palatal stiffening operation 
(CAPSO), in which 1.5 to 2 cm of midline soft pal- 
ate mucosa is removed, along with excision of the 
uvula (unpublished observations). This outpatient 
procedure is done under local anesthesia, and reports 
a well over 90% success rate. Advantages of the 
CAPSO procedure are listed as significantly less 
morbidity, less expense, minimal need for anesthe- 
sia, no need for multiple staging, and technical ease 
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of performance. 


Because snoring surgery may reduce velopharyn- 
geal competence through changes in velar muscula- 
ture, there is concern over the effects of the surgery 
on speech quality and swallowing. Velopharyngeal 
incompetence can cause nasal regurgitation of food 
or liquid, and can negatively affect voice quality by 
altering resonance characteristics. Coleman and Sly!! 
measured preoperative and postoperative voice char- 
acteristics of patients undergoing UPPP. They found 
no significant changes in fundamental frequency, 
reading rate, formants 1 and 2 for vowels, long-term 
average spectra, or listener judgments of preopera- 
tive and postoperative pairs. Though nasality was 
not formally measured, the unchanged listener judg- 
ments may indicate that there was no perceptible 
change in nasality. Zohar et al!? evaluated postoper- 
ative complications of UPPP, and found that no pa- 
tients had noticeable hypernasality 6 weeks after the 
operation. In the report of Blythe et al* on single- 
stage outpatient uvuloplasty, no patients reported 
symptoms associated with persistent velopharyngeal 
insufficiency. In the study by Prichard et al!3 of 29 
patients undergoing UPPP for snoring, 35% of pa- 
tients complained of mild hyponasal speech at the 
6-month follow-up. Walker et al!4 listed temporary 
velopalatal insufficiency as a postoperative compli- 


cation in patients receiving LAUP for snoring and — 


obstructive sleep apnea. Whinney et al? reported no 
episodes of nasal regurgitation in 27 patients receiv- 
ing punctate diathermy of the soft palate. Zinder and 
Postma? reported no patients with symptoms of velo- 
pharyngeal incompetence following their outpatient 
cautery-assisted uvulopalatoplasty. Finally, Ellis et 
al8 reported no nasal regurgitation or change in sound 
of the voice after a palatal stiffening procedure. There 
are no known studies objectively measuring percent- 
age of “nasalance” both preoperatively and postop- 
eratively for patients undergoing snoring surgery. 
(Nasalance, a term first introduced by Fletcher, !> re- 
fers to the ratio between nasal and oral acoustic en- 
ergies.) This study performed objective measure- 
ments of nasalance before and after the CAPSO pro- 
cedure. 


METHOD 


Eighteen men ranging in age from 22 to 49 years, 
with an average age of 33.1 years, received the 
CAPSO procedure for complaints of excessive snor- 
ing. Patients’ speech nasalance was assessed 0 to 42 
days preoperatively (average 4.7 days, median 2 days) 
and 60 to 276 days postoperatively (average 94.5 
days, median 79 days). Mucosal healing with pala- 
tal stiffening usually takes place within 2 months; 
therefore, postoperative testing was done at least 2 


months after surgery. Nasalance measurements were 
obtained with the Nasometer 6200 by Kay Elemet- 
rics, which was calibrated according to manufacturer 
instructions. Although the validity of measurements 
of nasalance by the Nasometer has been demon- 
strated in the past,!® recent questions have been raised 
as to variations in nasalance scores due to mismatch 
in microphone sensitivity,!” suggesting caution in the 
use of nasalance scores involving small variations. 
All Nasometer testing was performed by 1 certified 
speech-language pathologist. Nasalance was as- 
sessed while patients read aloud 2 passages, both be- 
fore and after surgery. The first passage contained 
71 words and no nasal consonants (Zoo passage), 
and the second contained 98 words and 11.5% nasal 
consonants (Rainbow passage). The time axis was 
set at 40 seconds. Subjective comments regarding 
changes in nasality were obtained verbally through 
the following questions: “Have you experienced any 
changes in the sound of your speech, or in your swal- 
lowing?” “Has anyone else commented on any dif- 
ferences in the sound of your speech?” “Have you 
experienced any other changes since the surgery?” 


RESULTS 


A paired 2-sample t-test for means was used at an 
a level of 0.05% to test for significant differences 
between preoperative and postoperative nasality 
measurements for each passage. The average nasal- 
ance score for the Zoo passage was 11.66% preoper- 
atively and 11.33% postoperatively. The average na- 
salance score for the Rainbow passage was 31.14% 
preoperatively and 31.47% postoperatively. No sig- 
nificant differences were found between preoperative 
and postoperative readings of either passage. There 
were no subjective complaints of increased nasality 
or other negative voice changes. Unrelated postoper- 
ative comments included the following: can’t roll 
r’s anymore (1 patient); better singing voice (1); na- 
sal regurgitation of liquids (5); increased gag reflex 
(2); aspiration (2, probably due to discoordinated 
swallow); food tastes different (1); and still snoring 


(2). 


DISCUSSION 


The results indicate that the CAPSO does not cause 
a significant change in nasality, despite affecting pal- 
atal movement via stiffening. These objective results 
confirm anecdotal reports in previously cited studies 
reporting negligible or no speech and voice changes 
following snoring surgery. This would be important 
for patients with concerns about postoperative vo- 
cal quality, such as singers or professional speakers. 
It would have been helpful to more thoroughly as- 
sess perceptual changes in nasality through question- 
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naires filled out by the patient and someone familiar 
with the patient. Even though it appears that nasal- 
ity was not significantly affected by the CAPSO op- 
eration, there still may be some question as to its 
effect on other aspects of velopharyngeal compe- 
tence, as indicated by subjective complaints of na- 
sal regurgitation and dysphagia. As suggested earli- 
er by Finkelstein et al, compensatory velopharyn- 
geal valving mechanisms may be adequate to over- 
come changes affecting speech but not nonspeech 


activitiés. This may be due to the greater pressure 
required from the lateral pharyngeal wall, which the 
altered velopharyngeal valve has difficulty resisting, 
during nonspeech activities such as swallowing. The 
number of nonspeech subjective complaints elicited 
in this study warrants research to assess the long- 
term effects of CAPSO and similar operations ver- 
sus UPPP on all aspects of velopharyngeal compe- 
tence, especially OSA and swallowing symptoms of 
nasal regurgitation and aspiration. 
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COMPUTED TOMOGRAPHY DIAGNOSIS OF ESOPHAGEAL BONE 
IMPACTION: A PROSPECTIVE STUDY 
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. A prospective study was performed on 45 patients for an assessment of the use of computed tomography (CT) in the manage- 
ment of a suspected esophageal fish bone or chicken bone. All patients had negative findings on laryngoscopy; therefore, pharyngeal 
and hypopharyngeal foreign bodies were excluded from further consideration. The patients underwent radiographic examination 
with plain films and a cervical CT scan without contrast material. Patients with positive findings were taken to the operating room, 
where they underwent rigid esophagoscopy under general anesthesia, while those with negative findings remained for observation 
for 24 hours. Thirty CT scans were positive for an esophageal foreign body, and in all cases but 1, a foreign body was found during 
the operation. Fourteen of 15 patients with normal CT scan findings managed well with no further intervention. One patient with 
persistent complaints underwent esophagoscopy, but no foreign body was found. Our conclusion is therefore that CT is a simple and 
reliable method for diagnosing esophageal bone impaction and may reduce the rate of unnecessary esophagoscopies. 


KEY WORDS — bone impaction, computed tomography, esophagoscopy, foreign body. 


INTRODUCTION ingestion, and to suggest a safe and cost-effective 
Foreign bodies impacted in the esophagus canbe approach to the problem. 
life-threatening if detection and removal are not per- 
formed in time, the most dreaded complication be- MATERIALS AND METHODS 
ing esophageal perforation with resultant fatal media- During a period of 4 years (1993 to 1997), 45 pa- 
stinitis. The risk of perforation is higher when sharp tients with a history of fish bone or chicken bone 


foreign bodies are ingested,! and therefore rapid and 


i : ingestion underwent a CT scan of the neck. Symp- 
accurate diagnosis and treatment should be done. Tra- 


toms included a sensation of a foreign body, dys- 


ditional management involves a physical examina- phagia, odynophagia, and drooling. All patients un- 
tion and a radiologic assessment that includes pos- derwent a thorough oral examination followed by 
teroanterior and lateral x-ray films of the neck and indirect laryngoscopy and, in some cases, a fiberoptic 
chest and, if necessary, a barium swallow study. An laryngoscopy as well. In all cases, a pharyngeal for- 
esophagoscopy is performed in certain suspected eign body was ruled out. Radiologic evaluation in- 
cases.” However, in dealing with a fish bone, which cluded plain films of the neck and chest and an axial 
is the most commonly ingested sharp object,* or even 2.5-mm-wide CT scan without contrast material of 
a chicken bone, plain films may not be helpful.” A the neck and the mediastinum with both soft tissue 
barium swallow study involves a large percentage and bone windows, Patients with a positive finding 
of false-negative examinations and exposes the pa- on either of these examinations were taken to the 
tient to some risk of aspiration. l7 Esophagoscopy, operating room, where they underwent rigid esoph- 
which is usually performed in the operating room un- agoscopy under general anesthesia. Patients with nor- 
der general anesthesia with a rigid esophagoscope,* mal findings were observed for 24 hours and were 
is associated with a perforation rate of 0.15% to seen again a week later at the clinic. All the patients 
0.5%.9 It is also negative (ie, no foreign body is were examined and treated by the otolaryngologist 
found) in 7% to 62% of cases.’ Thus, current ap- on call, and the plain films and CT scans were inter- 
proaches to the management of fish bone or chicken preted by him or her and by a radiologist on call 
bone ingestion have proved to be unsatisfactory. (both of them residents). Plain films were interpreted 

A prospective nonrandomized study was conduct- as being pathological when 1 or more of the follow- 
ed in order to assess the value of a computed tomog- ing situations occurred: 1) a foreign body was de- 
raphy (CT) scan in the management of symptomatic tected; 2) associated soft tissue swelling was ob- 
patients with a history of fish bone or chicken bone served; 3) abnormal gas accumulation was observed; 
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TABLE 1. RESULTS OF PLAIN FILMS AND CT SCANS 


Normal 
Plain Pathological 
Film Plain Film Total 











Normal CT scan 15 0 15 
Pathological CT scan 14 16 30 
Total 29 16 45 


CT — computed tomography. 





or 4) a loss of cervical lordosis was noted. The CT 
scans were interpreted as being pathological if a for- 
eign body was detected in the esophageal lumen or 
wall. 


RESULTS 


The results are summarized in Tables 1 and 2. Of 
45 patients complaining of fish bone or chicken bone 
ingestion with no other findings on physical exami- 
nation, 23 were men and 22 were women, with a 
mean age of 55 (range 31 to 87). Thirty-two patients 
(71%) complained of fish bone ingestion, and 13 pa- 
tients (29%) complained of chicken bone ingestion. 
Twenty-nine of 45 plain films were interpreted as 
being normal, and 16 were pathological. Fifteen of 
45 CT scans were normal, whereas on 30, a foreign 
body was noted. 


Fifteen patients had both a normal plain film and 
anormal CT scan, and all of them were kept for 24 
hours’ observation. Only 1 patient continued to have 
persistent symptoms after the 24 hours. He under- 
went rigid esophagoscopy, but no foreign body was 
found. All patients were submitted to a follow-up 
examination in the outpatient clinic a week later and 
all were asymptomatic. Fourteen patients had a nor- 
mal plain film but a pathological CT scan, and 16 
had both a pathological plain film and a pathologi- 
cal CT scan. All 30 patients with pathological find- 
ings underwent immediate rigid esophagoscopy un- 
der general anesthesia, and in all cases but 1, a for- 
eign body was found and removed. Except for 2 mu- 
cosal tears, no other complications occurred. No 
cases of a pathological plain film with a normal CT 
scan were noted. 


DISCUSSION 


“Knowing what you are dealing with is manda- 
tory prior to the instrumentation of the esophagus. 
Death lurks here. History has proved it. There is no 
need to recapitulate history.”3240)) With this motto 
in mind, we decided to conduct the current study. 


Although CT is available today in almost every 
hospital and is easy to perform and to interpret, it 
has been almost entirely neglected in the evaluation 
of foreign body ingestion. Gamba et al!® reported 
on the first case of detection of a foreign body by 
means of CT in 1983. A piece of bone that had es- 


TABLE 2. OUTCOME ACCORDING TO RESULTS OF 




















CT SCAN 
i Foreign No Foreign 
Body Body 
Found at Found at 
Endoscopy Endoscopy Total 
Pathological 
CT scan 29 (96.7%) 1 (3.3%) 30 (100%) 
Evidence of No Evidence of 
Foreign Body Foreign Body 
Upon Upon 
Observation Observation Total 
Normal CT scan 0 (0%) 15 (100%) 15 (100%) 





caped prior detection on a plain film, a barium swal- 
low study, and esophagoscopy was detected by CT. 
Douglas and Sistrom!! reported on a chicken bone 
that was seen by CT only. Braverman et al!? evalu- 
ated 13 cases of fish bone and chicken bone ingestion 
by plain film and CT, and suggest that CT be used to 
assess patients with a suspected foreign body in the 
cervical esophagus and negative plain film results. 
The only other reference to the use of CT in the as- 
sessment of an ingested foreign body is by Mohr, 
who states that “on occasion, a computed tomogra- 
phy scan may be required to delineate the endoesoph- 
ageal or exoesophageal presence of a foreign ob- 
ject.”3(P2401) However, she'still prefers to follow the 
negative plain film results of a symptomatic patient 
with a barium swallow study.3 


We tend to agree with other investigators that most 
hypopharyngeal foreign bodies can be detected by 
means of a good physical examination and can be 
managed under local anesthesia with no necessity 
for any further investigation.” Esophageal foreign 
bodies, however, cannot be detected by a physical 
examination unless a flexible esophagoscope is used, 
and its use requires sedation and a skilled endoscop- 
ist. One should remember that in the Western world 
many people eat fish or chicken for their evening 
meal, and thus most cases of foreign body ingestion 
occur after working hours, when generally only resi- 
dents are available. A reliable flexible endoscopic 
examination is then hard to provide. This procedure 
is also known to be uncomfortable for the patient. 


Plain films of the neck and chest can identify ra- 
diopaque foreign bodies in the esophagus,® but they 
prove to be unsatisfactory when fish bones or thin 
chicken bones are encountered. Evans et al* found 
25.3% sensitivity, 86.3% specificity, and a positive 
predictive value of 72.7% for the detection of im- 
pacted fish bones. They believe that routine radiog- 
raphy is not indicated because of the poor results. 
Derowe and Ophir’ note 24% false-positive and 40% 
false-negative plain films. In a study by Sundgren et 
al,® the primary radiologist detected only 2 of 7 fish 
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History of fish-bone or i bone ingestion 


Physical a! (pharynx + larynx) 


n N 


Plain film of 
neck and chest 


a 


CT-scan of neck 
and mediastinum 
without contrast 


Removal under 
local anesthesia 


Rigid esophagoscopy 
under general anesthesia 


(-) 


Discharge 


Suggested protocol for assessment of esophageal bone 
impaction. 


bones that were found by endoscopic examinations. 
They conclude that patients with symptoms that 
started within the last 48 hours should be taken di- 
rectly from oral to endoscopic examination if no sus- 
pected complication is evident. In the present study, 
the plain film detected only 16 of 29 bones found by 
endoscopy (55%). We therefore agree that plain films 
have a low yield in detecting foreign bodies in the 
esophagus. 


Barium studies also seem to be ineffective in de- 
tecting an ingested fish bone or chicken bone. In the 
series of Derowe and Ophir,’ 26.9% of the studies 
done with barium-soaked cotton were false-positive, 
and 40% were false-negative. Barium swallows may 





yield better results, but they involve a risk of aspira- 
tion. They also coat the foreign body and the esoph- 
ageal mucosa, thus jeopardizing subsequent endos- 
copy.! 

The reported rate of negative esophagoscopies in 
cases of suspected esophageal foreign bodies is 7% 
to 62%.’ One may assume therefore, that many pro- 
cedures can be avoided. In the present study, CT de- 
tected all the bones that were later found by endos- 
copy. The only case of a false-positive CT scan was 
probably due to calcification in the mucosa. Four- 
teen of the 15 patients with a negative CT scan man- 
aged quite well with no treatment whatsoever, and 
the esophagoscopy of the 1 patient who had persis- 
tent symptoms was negative. We may assume there- 
fore that there were no false-negatives. It should be 
noted that all tests were interpreted by residents on 
call. 


In conclusion, the present study is a result of our 
awareness of the high rate of negative esophagos- 
copies in cases of suspected esophageal bone impac- 
tion. Computed tomography, which is quite a simple 
examination, lowered this rate almost to zero. It 
proved to be very effective, with a sensitivity of 
100%, a specificity of 93.7%, and a positive predic- 
tive value of 96.7%. It is done without contrast ma- 
terial and can be easily performed by a technician. 
Moreover, the patient is not exposed to any unnec- 
essary complications. We therefore recommend per- 
formance of a CT scan in patients with a high index 
of suspicion of esophageal bone impaction and a 
negative plain film. The suggested protocol is shown 
in the Figure. We feel that by adopting this approach, 
the statement that “a certain percentage of negative 
esophagoscopies are inevitable”7(*4) will become ir- 
relevant. 
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IMAGING CASE STUDY OF THE MONTH 


RARE CAUSE OF BLINDNESS IN A PATIENT WITH ACQUIRED 
IMMUNODEFICIENCY SYNDROME 


MICHAEL A. COOK, DO 
NEw YORK, NEW YORK 
DAVID MASINI 
NEW YORK, NEw YORK 


The differential diagnosis of blindness in patients 
with acquired immunodeficiency syndrome (AIDS) 
includes those disorders that occur in immunocompe- 
tent patients, as well as those disorders that are pecu- 
liar to the AIDS subpopulation of immunosuppressed 
patients.! Blindness in patients with AIDS is most 
often due to infectious retinitis or human immunode- 
ficiency virus (HIV) retinopathy. We present the first 
reported case of blindness due to lymphomatous in- 
volvement of the optic nerve secondary to maxillary 
sinus lymphoma in a patient with AIDS. 


CASE REPORT 


A 38-year-old woman with a history of AIDS and 
a CD4 count of 20/mm? (normal 500 to 1,600/mm3) 
of 3 years’ duration presented because of acute loss 
of vision in the right eye, swelling of the right lower 
eyelid, and nasal congestion. She denied systemic 
symptoms. Her past medical history was significant 
for genital herpes, herpes pharyngitis, oral candidia- 
sis with esophagitis, bronchopneumonia, Pneumo- 
cystis carinii pneumonia, microcytic hypochromic 
anemia, disseminated multi—drug-resistant Mycobac- 
terium avium-intracellulare infection, and hepatitis 
B. Her medications included zidovudine (azidothy- 
midine; AZT), clotrimazole troches, acyclovir sodi- 
um, recombinant human erythropoietin, and aero- 
solized pentamidine. 


The patient was alert and oriented. The physical 
examination revealed bilateral conjunctival edema, 
and mild edema and erythema of the right orbit. There 
was no light perception in the right eye, and there 
was paralysis of the right extraocular muscles. Fun- 
doscopic examination of the right eye revealed sever- 
al flame-shaped hemorrhages and exudates. The left 
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eye was fundoscopically normal. Her temperature 
was 38.3°C orally. There was no peripheral adenop- 
athy. The oral cavity was unremarkable. Radiographs 
of the paranasal sinuses demonstrated opacification 
of the maxillary, ethmoid, and sphenoid sinuses. 
Computed tomography revealed near-complete opac- 
ification of the right maxillary sinus, an air-fluid level 
in the left maxillary sinus, and opacification of the 
ethmoid and sphenoid sinuses. The globes were nor- 
mal. The patient was treated for acute pansinusitis. 
She received 10 days of amoxicillin—clavulanate po- 
tassium (500 mg every 8 hours) and pseudoephedrine 
hydrochloride drops 0.5% (3 drops to each nostril 3 
times per day). The serum cytomegalovirus IgG an- 
tibody titer was negative. The patient improved clini- 
cally, was discharged, and completed 3 weeks of oral 
antibiotics, following which her symptoms resolved. 


Several months later, the patient returned with 
exophthalmos of the right eye. Computed tomogra- 
phy of the orbits (see Figure, A) revealed a large 
soft tissue mass that filled the right maxillary sinus 
and expanded the medial sinus wall. There was bone 
destruction involving the orbital floor and the medi- 
al and anterior maxillary walls. The mass penetrated 
into the infratemporal fossa and extended into the 
malar subcutaneous tissues, right ethmoid sinus, and 
sphenoid sinus, as well as into the optic nerve, caus- 
ing proptosis. Invasion of the posterior globe was 
also evident (see Figure, B,C). The left maxillary 
sinus, ethmoid sinuses, orbit, and globe were nor- 
mal. 


A biopsy of the maxillary mass demonstrated a 
diffuse, high-grade, large cell, immunoblastic lym- 
phoma with plasmacytoid differentiation. The patient 
refused chemotherapy but underwent radiotherapy 
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in the form of 2,600 cGy in 13 fractions using anterior 
and right lateral cobalt 60 wedge-shaped fields. The 
patient died 4 months following diagnosis. 


DISCUSSION 
Paranasal sinus lymphoma is a rare manifestation 
of HIV. Most cases of AIDS-related lymphoma are 
extranodal, are of the non-Hodgkin’s variety, are de- 
rived from B-cells, and occur in the central nervous 
system, gastrointestinal tract, bone marrow, and oral 


2 Cook et al, Imaging Case Study of the Month 


Computed tomograms. A) Axial, through paranasal sinuses 
(width [W] 299 Hounsfield units [HU], level [L] 58 HU), 
demonstrating soft tissue mass that fills right maxillary si 
nus, expands medial wall, and penetrates anteriorly into sub- 
cutaneous tissue and through posterior wall into intratem- 
poral fossa. B) Axial, through orbits (W 288 HU, L 58 HU), 
demonstrating soft tissue mass in right optic nerve that in- 
dents sclera of posterior globe, and mass that fills right eth- 
moid sinuses. C) Coronal, through paranasal sinuses and 
orbits (W 387 HU. L 40 HU), demonstrating mass that fills 
right maxillary sinus and extends into right ethmoid sinuses 
and through orbital floor 





Cay ity. There have only been 17 reported cases ol 
paranasal sinus lymphoma in patients with AIDS, 
including the case reported here.*-!> Of the reported 
cases, 12 occurred in males (71%) and 5 in females 
(29%). The gender of | patient was not specified 
(see Table?-!5), Risk factors for HIV disease included 
homosexual intercourse in 8 patients (57%), intrave- 
nous drug use in 5 (36%), and a blood transfusion in 
1 (7%). The risk factor was not reported in 3 pa- 
tients. Maxillary sinus involvement was noted in all 
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PATIENTS WITH ACQUIRED IMMUNODEFICIENCY SYNDROME AND PARANASAL SINUS LYMPHOMA 
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Age Risk i 
Case Reference (y) Sex Factor ! Location of Tumor 
1 2 31 M HI Right maxillary 
2 2 34 M HI Left maxillary, left nostril 
3 3 NR NR NR Maxillary : 
4 4 25 M HI Both frontal and both maxillary, right sphenoid, left orbit 
5 5 33 M NR Right ethmoid, right orbit 
6. 6 27 F TVDU Right maxillary, right orbit 
7 7 42 M HI Right maxillary 
8 7 43 M HI Maxillary 
9 8 27 M NR Right maxillary, right orbit 
10 9 64 F BT Left maxillary 
11 10 38 F NR Both maxillary, ethmoid, sphenoid, left orbit 
12 11 34 M IVDU Right maxillary, right ethmoid, right orbit 
13 12 44 M HI Right maxillary 
14 13 28 M HI Left maxillary, left ethmoid, left orbit 
15 14 35 F IVDU Both maxillary, ethmoid, sphenoid, right orbit 
16 14 43 M HI Right maxillary, right ethmoid, right sphenoid 
17 15 31 M IVDU Right maxillary 
18 TR 38 F IVDU Right maxillary, right ethmoid, right sphenoid, right orbit 


HI — homosexual intercourse, NR — not reported, IVDU — intravenous drug use, BT — blood transfusion, TR — this report. 





cases with the exception of 1. Orbital involvement 
was present in 8 cases. However, this is the first re- 
ported case in a patient with AIDS in which the tu- 
mor invaded the optic nerve, penetrated the globe, 
and resulted in blindness. 


Paranasal sinus lymphoma presents with nonspe- 
cific signs and symptoms that overlap those of chron- 
ic sinusitis. Typical symptoms include rhinorrhea, 
nasal congestion, facial pain, maxillary toothache, 
periorbital edema, eye pain, ptosis, proptosis, and 
ophthalmoplegia.!4 Systemic symptoms such as fe- 
ver and weight loss are uncommon. Because the signs 
and symptoms of paranasal sinus lymphoma are in- 
distinguishable from those of chronic sinusitis, the 
diagnosis is frequently delayed. A high index of sus- 
picion must be maintained in order to make a timely 
diagnosis. 


Cross-sectional imaging is essential in the manage- 
ment of patients with paranasal sinus lymphoma. 
Computed tomography is ideal, because it is readily 
available and very sensitive to osseous involvement. 
The computed tomographic appearance can be rather 
subtle, such as mucoperiosteal thickening, and can 
simulate a benign process such as polyp formation, 
retention cyst, or pansinusitis. In patients with AIDS, 
paranasal sinus lymphoma is usually more aggres- 
sive than it is in patients without HIV infection. The 
typical appearance of paranasal sinus lymphoma in 
patients with AIDS is that of a soft tissue mass with 
osseous destruction. Because of the bony destruc- 
tion, the tumor can invade the anterior and middle 





cranial fossae. 


The differential diagnosis of a soft tissue mass 
originating in a maxillary sinus and eroding bone 
includes infectious and neoplastic processes such as 
squamous cell carcinoma, adenoid cystic carcino- 
ma, mucoepidermoid tumors, rhabdomyosarcoma, 
osteosarcoma, chondrosarcoma, lymphoma, metas- 
tases, hemangiopericytoma, aspergillosis, and mu- 
cormycosis.!® A biopsy is required to establish the. 
diagnosis and initiate treatment. 


Most patients with AIDS have disseminated dis- 
ease at the time the diagnosis of paranasal sinus lym- 
phoma is established, or develop disseminated dis- 
ease soon after the diagnosis. For staging purposes, 
computed tomography of the chest and abdomen is 
indicated. Treatment options include radiotherapy 
with or without systemic adjuvant chemotherapy. The 
goals of radiotherapy are local control of the tumor 
and palliation of symptoms. Most chemotherapy reg- 
imens consist of cyclophosphamide, doxorubicin hy- 
drochloride, vincristine, and prednisone with or with- 
out intrathecal methotrexate or cytosine arabinoside 
(cytarabine).!4 The prognosis is very poor, since the 
disease is usually disseminated. Death usually oc- 
curs within a few months. 


Paranasal sinus lymphoma is rarely associated 
with HIV. Since the signs and symptoms mimic those 
of chronic sinusitis, the diagnosis is often established 
late in the course of the illness. A high index of suspi- 
cion for an early diagnosis is essential, as the dis- 
ease is usually very aggressive, associated with dis- 
seminated disease, and rapidly fatal. 
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ANALYSIS OF THE FORCES AND POSITION REQUIRED FOR DIRECT 
LARYNGOSCOPIC EXPOSURE OF THE ANTERIOR VOCAL FOLDS 


ILAN I. HOCHMAN, MD 
TEL AVIV, ISRAEL 
STEVEN M. ZEITELS, MD 
BOSTON, MASSACHUSETTS 


JAMES T. HEATON, PHD 
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The sniffing position is traditionally considered optimal for direct laryngoscopic examination of the vocal folds. This study 
examined head and neck positions associated with ideal exposure of the anterior glottal commissure with a variety of laryngoscopes. 
A prospective investigation was done in 20 patients by comparing the force required to expose the anterior vocal folds by utilizing 3 
head and neck positions with 3 different-sized tubular laryngoscopes. The completeness of anterior glottal exposure was rated and 
the force required to achieve this exposure was measured with a strain gauge. Three positions relating the atlanto-occipital and 
cervicothoracic vertebrae were analyzed: 1) extension-extension, 2) sniffing: extension-flexion, and 3) flexion-flexion. Head and 
neck position and laryngoscope size were both statistically significant factors for achieving complete anterior vocal fold exposure. 
Regardless of the laryngoscope, the number of patients in whom complete exposure could be achieved increased gradually when the 
position was changed from extension-extension to extension-flexion to flexion-flexion. Complete exposure was inversely related to 
larger laryngoscope size. According to the data herein, the flexion-flexion position provides the best glottal exposure for endotra- 
cheal intubation in those patients who are anatomically predisposed to difficulty in direct examination of the glottis. Because this 
places the laryngoscope lumen in a vertical position, this position is inappropriate for microlaryngoscopy. The study reinforced the 
concept that the sniffing position is the optimal position for microlaryngoscopy because it enables the use of the largest-lumened 
laryngoscope. This facilitates ideal exposure of the anterior vocal folds, which is necessary for phonomicrosurgery. 


KEY WORDS — airway management, endotracheal anesthesia, glottis, intubation, laryngoscope, laryngoscopy, vocal cords, 


vocal folds. 
INTRODUCTION 


Despite the fact that direct laryngoscopy is fre- 
quently performed by emergency physicians, anes- 
thesiologists, and laryngologists, there is a paucity 
of literature that has critically analyzed the ideal po- 
sition for exposing the anterior glottis and the forces 
required to do so. Since Kirstein! formally intro- 
duced autoscopy (direct laryngoscopy) in 1895, the 
technique has developed primarily as an art and a 
craft, based on trial and error, rather than through 
scientific investigation. Although visualization of the 
vocal folds is typically routine and uneventful after 
induction of general anesthesia, failure to intubate 
has been reported to account for 35% of adverse res- 
piratory events.3 Failure to expose the entire muscu- 
lomembranous vocal folds during intubation is a fre- 
quently encountered problem and can result in local 
injuries to the larynx, ranging from mild soft tissue 
trauma to arytenoid dislocation. When the direct vi- 
sualization of the vocal folds is performed for micro- 
laryngoscopic surgery, inadequate exposure can re- 
sult in abortion of the procedure, incomplete surgery, 
and/or unnecessary trauma to the normal layered mi- 


crostructure of the vocal fold.45 


Green® described the optimal head and neck posi- 
tion for direct laryngoscopy prior to the origin of the 
field of laryngology. He placed the patient in a “‘sniff- 
ing” position in front of a window to utilize the sun 
for illumination. Czermak’ employed the same posi- 
tion for indirect mirror laryngoscopy (Fig 15), because 
this position ideally aligned the pharyngeal cavity 
for exposure of the larynx. Over 30 years later, Kir- 
stein! adopted this position for sitting direct lar- 
yngoscopy (Fig 28). Subsequently, Jackson? utilized 
Czermak’s and Kirstein’s position, but with the pa- 
tient recumbent and supine (Fig 3>+!). This required 
an assistant!! to support the head and neck; this po- 
sition is now known as the Boyce-Jackson position 
(Fig 4). Jackson!2.!3 also determined that the laryn- 
goscope should be placed along the lateral aspect of 
the tongue rather than the middle of the tongue as 
suggested by Kirstein. However, Jackson’s operative 
technique was compromised by the fact that the sur- 
geon was required to maintain the laryngoscope with 
1 hand while performing 1-handed surgery with the 
contralateral hand.* 
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Fig 1. Czermak performing mirror laryngoscopy with ex- 
ternal laryngeal counterpressure; patient is in sniffing po- 
sition. (Reprinted; originally from Czermak JN. Der 
Kehlkopfspiegel und seine Verwerthung für Physiologia 
und Medizin. Leipzig: Engelman, 1858.) 


Killian understood the limitations of |-handed en- 
doscopic laryngeal surgery and designed his suspen- 
sion gallows to stabilize the laryngoscope and the 
patient, which allowed for bimanual surgery.45:!4-"9 
Unfortunately, he employed an extension-extension 
position, which was ill-suited for exposing the anteri- 
or glottis.*:!© This shortcoming in position was recti- 
fied in part when he had one of his disciples, Brun- 
ings, retrofit an external counterpressure device*:!’ 
(Fig 558). The senior author (S.M.Z.) has been un- 
able to determine why Killian never adopted Jack- 
son’s superior positioning technique and why Jack- 
son never employed a laryngeal suspension device 
to free his second hand.*:!5 This is most curious, since 
these advantages seem self-evident and since these 
leaders collaborated academically on Jackson's com- 
pendium textbook, Peroral Endoscopy and Laryn- 
geal Surgery (1915).!8 


Many laryngologists had difficulty performing sus- 
pension laryngoscopy with the Killian gallows. Among 
them were 2 of Killian’s most well-known students, 
Brunings and Seiffert. They each modified the sus- 
pension laryngoscope system by producing a fulcrum 
holder. Although both devices exerted their force on 
the maxilla, Brunings’ instrument pushed off the la- 
ryngeal cartilage (Fig 65) and Seiffert’s instrument* 
pushed off the chest wall. This approach applied the 
force for exposure to the maxilla rather than the man- 





Fig 2. Kirstein performing direct laryngoscopy with pa- 
tient in sniffing position. (Reprinted.*) 


dible, and was hence different from the approaches 
of Green, Kirstein, Jackson, and Killian. In 1948, 
Roberts!?79 was the first to join a fulcrum holder to 
a tubular laryngoscope. Subsequently, retrofitted ful- 
crum laryngoscope holders?!-25 were attached to C- 
shaped tubular laryngoscopes, and this became the 
prevalent approach for laryngeal exposure during en- 
dolaryngeal surgery. Many surgeons preferred to sup- 
port the laryngoscope holder from a platform rather 
than the chest wall to avoid compression of the tho- 
racic cavity. It was not until the 1970s!.?4 that princi- 
ples of exposure espoused by Jackson and Killian* 
were combined in modern suspension gallows,'? 
which could create elevated-vector suspension (Fig 
75). Grundfast and the Boston University group intro- 
duced this device, for which the mechanical works 
were a window crank. 


The importance of direct laryngoscopic exposure 
became more crucial when endotracheal intubation? 
became a fundamental component of general anesthe- 
sia and ventilatory life support. Initially, endotracheal 
anesthesia developed independently from direct lar- 
yngoscopy. In 1912, Elsberg utilized Jackson's laryn- 
goscope and technique, ushering in modern endotra- 
cheal anesthesia.?° It is ironic that it was not until 
the 1960s that laryngoscopic surgery was done in con- 
junction with endotracheal anesthesia.? Prior to that 
time, laryngologists thought that the endotracheal tube 
would impair exposure of the glottal surgical field. 


In this decade, the development of more precise and 
sophisticated phonomicrosurgical techniques*?5*? 
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Fig 3. Jackson’s image of variety of head and neck posi- 
tions for supine direct laryngoscopy. Correct position for 
direct laryngoscopic surgery is sniffing (Boyce-Jackson) 
position. (Reprinted.*:!°) 


has led to the need for complete and wide exposure 
of the anterior musculomembranous vocal folds. 
Placement of the widest-lumen glottiscope between 
the lips and the vocal folds mandates optimizing head 
and neck position. In considering these 2 perspec- 
tives (intubation and phonomicrosurgery), there are 
a number of observations that can be made about 


current approaches to direct endoscopic exposure of 





Fig 4. Boyce-Jackson position is maintained by assistant 
serving to position and stabilize head and neck. (Re- 
printed with permission from Jackson C, Jackson CL. 
Diseases of the nose, throat and ear. Philadelphia, Pa: WB 
Saunders, 1945:435. Reprinted with permission.) 





Fig 5. Killian suspension laryngoscope with Brunings 
external counterpressure device. Patient is in extension 
extension position, which is not ideal for adequate expo- 
sure. (Reprinted.*) 


the larynx. 


1. Most laryngologists use a fulcrum laryngoscope 
holder, which utilizes the chest wall or a stand as a 
stable base from which to exert its force on the maxil- 
la. This has been the predominant approach and has 
been reasonably successful. 

2. The laryngoscope that provides the widest ex- 
posure of the laryngeal surgical field will optimally 
facilitate the operative procedure by facilitating full 
stereoscopic visualization, angulation of hand instru- 
mentation proximally, and room for tissue retraction 
distally. 

3. During endolaryngeal surgery, laryngologists 
routinely place a smaller laryngoscope in the patient 
when the anterior musculomembranous vocal folds 
are not visualized through their usual instrument. 

4. The sniffing (Boyce-Jackson) position is uni- 
versally quoted as the ideal position to expose the 
vocal folds for both intubation and microlaryngeal 
surgery. 


5. During intubation or phonomicrosurgery, the 





Fig 6, Brunings external counterpressure suspension la- 
ryngoscope in position in cadaver. Depression of larynx 
is observed with dilating stent in place, (Reprinted.”) 


sniffing position is typically achieved by placing a 
support under the occiput and/or shoulders, such as 
a pillow. !8-1° 


6. A number of unusual laryngoscopes have been 
designed and patented to facilitate difficult intuba- 





Fig 7. Current patient, who is maintained in elevated vec- 
tor suspension by Boston University Gallows (Pilling 
Co). External counterpressure is applied with silk tape. 
(Reprinted.>) 
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Fig 8. Three laryngoscopes, varying in size, used to as- 
sess exposure. Small is Benjamin (Storz Co); medium is 
Dedo (Pilling Co); and large is prototype Vaughan.** 


tions. Fiberoptic-controlled intubation has become 
the most frequent solution to the problem of difficult 
intubation. However, that equipment is not always 
available at the moment it becomes necessary. 


7. Many laryngologists employ rigid telescopes 
through the lumen of the laryngoscope to enhance 
visualization of the anterior glottis, especially when 
complete exposure is not achieved. 


Review of the literature reveals that direct expo- 
sure of the larynx has developed primarily as an art 
and a craft without sophisticated scientific investi- 
gations based on anatomic principles. We could not 
identify a single study that compared the exposure 
of the glottis with different laryngoscopes in differ- 
ent positions while measuring the forces required to 
achieve the exposure. This seemed quite surprising, 
considering a number of facts: 1) the art of direct 
laryngoscopy has been practiced for over a century; 
2) there is a large body of academic and patent liter- 
ature describing instrumentation; 3) direct laryngo- 
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Fig 9. Extension of neck with relation to chest and ex- 
tension of head with relation to neck at atlanto-occipital 
joint. 


scopic exposure of the vocal folds for intubation is a 
fundamental component of artificial life support in 
hospitalized patients; and 4) direct laryngoscopic ex- 
posure of the vocal folds for intubation is a skill that 
all physicians should learn, especially as a compo- 
nent of cardiopulmonary resuscitation courses. 


The aforementioned observations led to a number 
of questions: 

1. What is the ideal head and neck position to ex- 
pose the vocal folds and to intubate the patient with 





Fig 10. Flexion of neck with relation to chest and exten- 
sion of head with relation to neck at atlanto-occipital joint: 
sniffing or Boyce-Jackson position, 








Fig 11. Flexion of neck with relation to chest and flexion 
of head with relation to neck at atlanto-occipital joint 


normal anatomy and the patient with a difficult air- 
way? 

2. What are the anatomic factors that lead to diffi 
culty in direct exposure of the larynx? 

3. Does the size of the laryngoscope alter the abili 
ty to expose the vocal folds? 

4. What are the anatomic characteristics of pa- 
tients who are difficult to expose? 

5. What is the ideal head and neck position to ex 
pose the vocal folds for microlaryngeal surgery in 
the patient with normal anatomy and the patient with 
a difficult airway? 


6. What is meant by the term “anterior larynx”? 





7. If the vector forces generated by a laryngoscope 
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Fig 12. Exposure as function of head and neck position 
for small, medium, and large laryngoscopes. Both head 
and neck position and laryngoscope size significantly 


affected exposure (p < .05), as shown by frequency of 
grade | exposure (in black) attained with smallest laryn 
goscope and flexion position across all laryngoscopes. | 

flexion position, S — sniffing position, extension 
position. 
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Fig 13. Comparison of suspension vector forces applied 
during complete (grade 1) exposures in sniffing and ex- 
tension positions for small, medium, and large laryngo- 
scopes. Individual data points are given for each patient 
as connected black boxes, averages are shown as con- 
nected triangles, and results of paired t-tests for position 
effect are given below each data set. 


holder do not create optimal force vectors for laryn- 
geal exposure, why can most larynges be exposed 
by this instrumentation? 


These observations and unanswered questions led 
to this investigation. This study was constructed to 
perform an initial scientific analysis of the laryngo- 
scopic technique for vocal fold exposure. It was 
hoped that the information would provide explana- 
tions for current laryngoscopic methods, as well as 
provide valuable insights for future improvements 
in direct laryngoscopic technique and instrumenta- 
tion. 


MATERIALS AND METHODS 


Institutional human studies committee approval 
was obtained, and 20 patients undergoing suspen- 
sion microlaryngoscopy for various indications were 
entered into the study. After induction of anesthesia, 
intubation, and complete paralysis, 3 tubed laryngo- 
scopes (Fig 855) were used to expose the vocal folds 
in 3 positions (Figs 9-11). The 3 positions were based 
on the relationship of the neck to the chest and the 
head tothe neck. “Extension-extension” was achieved 


by placing the occiput below the horizontal plane of 


the shoulders. “Flexion-extension” (classic sniffing 
or Boyce-Jackson position) and “flexion-flexion” 
(chin to chest) were achieved initially with an assis- 
tant supporting the head. Subsequently, the suspen- 
sion force measurements were obtained with a strain 
gauge attached to a handle extension (without sup- 
port of the head). During the initial trial, the assis- 





Large Laryngoscope 





Fig 14. Flexion-flexion position demonstrating placement 
of occiput of patient on surgeon’s chest to stabilize head 
and neck for direct laryngoscopic examination and/or in- 
tubation. 


tant lightly supported and balanced the patient’s head 
to maintain stability in the flexion-flexion position. 
This technique led to incorrect decreased force fig- 
ures, and so this was abandoned. A handle extension!” 
is necessary to measure the vector force at the distal 
lumen of the laryngoscope, just above the vocal folds. 
Once the optimal exposure was obtained, the force 
measurements were recorded. Typically, each posi- 
tion with each laryngoscope was measured twice. If 
there was a discrepancy, a third measurement was 
obtained. The degree of vocal fold exposure was rated 
on a 3-point scale: 1) complete, including the anteri- 
or commissure, 2) incomplete, including the poste- 
rior musculomembranous vocal folds, and 3) incom- 
plete, comprising only the arytenoid region. 


The frequency of occurrence for complete and in- 
complete exposures in the 3 head and neck positions 
using the 3 laryngoscope sizes was statistically exam- 
ined with a Pearson ¥? test. In addition, vector force 
measurements for extension-extension versus sniff- 
ing positions were statistically compared for each of 
the 3 laryngoscope sizes with 3 paired t-tests. A Bon- 
ferroni adjustment of the œ level for these multiple 
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Fig 15. Early 20th-century photograph demonstrating 
Killian’s flexion-flexion position for examining patient 
by means of mirror laryngoscopy. (Reprinted.*) 


t-tests was performed to combat © inflation. The start- 
ing & level of 0.05 (2-tailed) was adjusted to 0.016 
(0.05/3) for rejecting the null hypothesis. 


RESULTS 


Head and neck position and laryngoscope size 
were both significant (p < .05) factors for achieving 
complete exposure of the anterior glottal commis- 
sure. Figure 12 demonstrates that complete glottal 
exposure could be achieved in all patients only when 
the smallest laryngoscope was used in a flexion-flex- 
ion position. Furthermore, exposure of the musculo- 
membranous vocal folds deteriorated with the larger- 
lumen laryngoscopes and with extension of the head 
and/or neck, It was remarkable that the anterior com- 
missure of the glottis was visible in only 50% of pa- 
tients with the largest laryngoscope. 


The suspension vector forces required to obtain 
complete exposure for each patient were similar, on 
average, across the small, medium, and large laryngo- 
scopes regardless of head and neck position (16.4, 
17.5, and 17.5 pounds, respectively; Fig 13). Howev- 
er, for instances in which complete exposures were 





| 
by 


Fig 16. Early 20th-century diagram demonstrating K 
lian’s flexion-flexion position for examining patient 
means of mirror laryngoscopy. This position aligns oral 
and pharyngeal cavities to facilitate examination of vo- 
cal folds, (Reprinted.*5) 


achieved, the extension position required significant 

ly less suspension vector force than the sniffing posi- 
tion for the small and medium laryngoscopes (p < 
01), with a similar trend for the large laryngoscope 
(p > .01; Fig 13). If complete exposure could not be 
achieved, the vector forces were not consistently low 

er in the extension position, as they were for com- 
plete exposures. Due to the small number of incom- 
plete exposures, this observation could not be ana 

lyzed statistically. 


DISCUSSION 


The results confirmed a number of commonly ac- 
cepted clinical observations and revealed a few sur- 
prising observations, which have important clinical 
implications. The findings explained why glottic ex- 
posure is not problematic in most patients, despite 
the lack of optimal positioning. The findings also sug- 
gest that we must reexamine the ideal head and neck 
position for direct laryngoscopy in the patient who 
is difficult to expose. 


Most patients can be intubated without difficulty 
with the occiput on a flat operating table, and can be 
exposed for microlaryngeal surgery with a fulcrum 
laryngoscope holder (without the use of a true suspen- 
sion gallows). These observations are supported by 
the finding that all patients could be exposed in the 
region of the arytenoids, which is the requirement 
for intubation. Further, the anterior commissure could 
be exposed (in extension-extension position) in 16 
of the 20 patients with the small-tubed laryngoscope, 
which is commensurate in size to a standard straight- 
spatula intubation laryngoscope. Most phonomicro- 
surgical patients can be exposed with a fulcrum laryn- 
goscope holder, because most individuals have favor 
able anatomy and because the surgeon has the op- 
tion to place a smaller laryngoscope. In the majority 
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of patients, the force required for laryngeal expo- 
sure using a small laryngoscope relates to the distrac- 
tion of pliable oral, pharyngeal, and supraglottal tis- 
sues and is not related to lifting the head and neck 
off the operating table. This is demonstrated by the 
drop in pressure required for complete exposure be- 
tween the sniffing and extension-extension positions 
(Fig 13). Further, once the patient required lifting 
for optimal exposure, the force related primarily to 
the weight of the head and neck (gravity). 


Phonomicrosurgery is optimized and facilitated by 
placing the widest-lumen appropriately shaped laryn- 
goscope between the lips and the glottis. The widest 
laryngoscope lumen provides the optimal distal surgi- 
cal field for visualization and tissue retraction, as well 
as the ability to angulate hand instrumentation. These 
factors ultimately influence precision.*~ It is routine 
for laryngologists to place a smaller laryngoscope in 
patients in whom exposure of vocal fold lesion(s) is 
incomplete. This study documented that more com- 
plete exposure is obtained in more patients with the 
smallest laryngoscope. However, the smaller laryngo- 
scope results in limitations in precise tissue manipula- 
tion of the vocal folds’ layered microstructure. The 
data also revealed that improved direct laryngoscopic 
exposure was obtained in the sniffing position as 
compared with extension-extension, regardless of the 
laryngoscope (Fig 12). This reinforced observations 
by Green,® Kirstein,2 and Jackson,? as well as by 
Vaughan? and Zeitels and Vaughan.’ 


Although the flexion-flexion head and neck posi- 
tion is excellent for exposure of the anterior glottis, 
the associated position of the laryngoscope is not con- 
ducive to microlaryngoscopic bimanual surgery (Fig 
14). Therefore, the sniffing position is ideal to fit the 
largest-lumen laryngoscope for phonomicrosurgery. 
Regardless of the placement of a pillow under the 
head and neck, fulcrum laryngoscope holders pro- 
duce exposure of the anterior glottis by exerting force 
on the maxilla to distract supraglottal and pharynge- 
al tissues. This has long been noted to be inefficient 
and potentially leads to oral!.!8.34 and cervical spine 
trauma‘ if the exposure is difficult. 


From the exposure results herein, flexion of both 
the head and neck (chin to chest) seems to be the 
ideal position to intubate the patient whose glottis is 
difficult to observe by means of routine positions. 
The problematic aspect of this position is that the 
endoscopist must lean over the patient in a way that 
can be uncomfortable (Fig 14). However, for the pur- 
pose of establishing an airway in an emergency situa- 
tion or for elective surgery, this discomfort is not sig- 
nificantly burdensome. The flexion-flexion position 
for intubation is contrary to standard teaching in anes- 


thesia textbooks and is not done typically. This is 
because the advantages of the flexion-flexion posi- 
tion are seldom recognized and because it can be 
slightly awkward to lean over the patient. The use of 
Killian’s flexion-flexion position for indirect laryn- 
goscopy*> is similarly awkward for the examiner (Figs 
1535 and 1635). In 1913, Johnson>° noted that the flex- 
ion-flexion position during sitting direct laryngos- 
copy improved visualization of the anterior glottis 
when exposure was difficult. We would suggest, more- 
over, that the flexion-flexion position can be utilized 
effectively for difficult intubations, either by plac- 
ing the occiput of the patient on the examiner’s lower 
chest (Fig 14) or by having an assistant support the 
patient’s head as Jackson did. 


We believe that the reason that the flexion-flexion 
position is preferable to the sniffing position in a diffi- 
cult glottal exposure is that the extension of the head 
at the atlanto-occipital joint leads to retrodisplace- 
ment of the tongue base into the airway, which oppos- 
es the anterior distraction forces of the pharyngeal 
tissues required for exposure of the glottis. This fac- 
tor became evident in several patients who were retro- 
gnathic. We further believe that the concept of the 
“anterior larynx” is unsound, since it is difficult to 
imagine how a larynx can be displaced too anterior- 
ly in the neck.?6 Further, the laryngeal cartilaginous 
framework is less defined under the cervical skin of 
obese retrognathic patients, who are difficult to intu- 
bate. In patients who have normally mobile cervical 
spines and nonirradiated and nonburned cervical soft 
tissues, the primary factors that probably influence 
laryngeal exposure are the length of the oral-pharyn- 
geal-laryngeal cavity; the size, contour, and opening 
of the mandible; and the size of the tongue.?637.38 


The difficulty in intubating and exposing the glot- 
tis in retrognathic patients most probably relates to 
the short distance between the mandibular symphy- 
sis, the hyoid bone, and the thyroid cartilage, as well 
as the mass of the oral and tongue base tissues. The 
flexion-flexion position allows for more effective an- 
terior distraction of oral and tongue base tissues, be- 
cause the applied vector force of the laryngoscope is 
in the direction of the anteriorly displaced mandible 
and tongue base. In the sniffing position, extension 
of the atlanto-occipital joint rotates the mandible 
backward to oppose the anterior distraction forces 
of the laryngoscope. Killian’s work (Fig 16) demon- 
strated that the flexion-flexion position aligns the 
pharyngeal cavity well for visualizing the glottis. 


Although the aforementioned descriptions provide 
explanations for the unexpected finding that the flex- 
ion-flexion (chin to chest) position provided the opti- 
mal exposure of the anterior glottis, this investiga- 
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tion did not critically analyze patient factors that led 
to this observation. Along with the character of denti- 
tion and jaw opening, the flexibility of the spine and 
soft tissues of the neck is an important variable for 
direct laryngoscopic glottal exposure.?63738 Addi- 
tionally, the inner diameter of the mandible can re- 
strict the placement of a wide-lumened laryngoscope. 


This study did not evaluate the effect of external 
counterpressure!’ on the quality of exposure and the 
resultant forces created by it. Manual pressure to the 
lower laryngeal framework is frequently applied dur- 
ing difficult intubations and is utilized routinely dur- 
ing microlaryngeal surgery by some surgeons.> 


CONCLUSIONS 


1. Extension-extension requires the least amount 
of force to expose the glottis when using smaller la- 
ryngoscopes and in easily exposed patients. In these 
circumstances, distraction of soft tissues is solely re- 
quired, rather than lifting the weight of the head and 
neck of the patient off the operating table. 


2. Once the head and neck are lifted off the table 
for exposure, tissue distraction resistance becomes 
negligible as compared with gravity. 


l 
3. The flexion-flexion (chin to chest) position of 
the head and neck is ideally suited to achieve opti- 
mal glottal exposure in the greatest number of pa- 
tients. Therefore, this position is suggested for the 
difficult direct laryngoscopic intubation. 


4. Most patients can be intubated with the occiput 
resting on the operating table and without the sniff- 
ing or flexion-flexion position, because the pliable 
soft tissues of the oral cavity and pharynx can be 
distracted easily. 


5. The flexion-flexion (chin to chest) position is 
not suitable for microlaryngoscopic surgery, because 
the proximal lumen of the laryngoscope is directed 
toward the ceiling. 


6. Anarrow-lumen laryngoscope is advantageous 
in those patients in whom it is difficult to achieve 
glottal exposure. 


7. Laryngoscope holders provide adequate expo- 
sure of the glottal surgical field, because the majori- 


` ty of patients can be visualized by simple distraction 


of soft tissues and because few surgeons use extreme- 
ly wide-lumened laryngoscopes. 
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LARYNGOPHARYNGEAL SENSORY DISCRIMINATION TESTING 
AND THE LARYNGEAL ADDUCTOR REFLEX 


JONATHAN E. AVIV, MD 
JOHN H. MARTIN, PHD TED KIM, MD RALPH L. SACCO, MD, MS 
JEANNE E. THOMSON, MS BEVERLY DIAMOND, PHD LANNY G. CLOSE, MD 
NEW YORK, NEW YORK 


Laryngopharyngeal sensory capacity has been determined by endoscopically administering air pulse stimuli to the mucosa 
innervated by the superior laryngeal nerve and asking the patient if he or she feels the stimulus. A potential shortcoming of this 
psychophysical testing (PT) procedure is that it is a subjective test, and patients with impaired cognition may not be able to perform 
the required task, In the search for an objective measure of laryngeal sensory function, we have observed that the laryngeal adductor 
reflex (LAR) is evoked at stimulus intensities similar to those capable of eliciting the psychophysical, or perceptual, response. The 
purpose of this study is to determine if the threshold for eliciting the LAR is the same as that of the sensory threshold. A specially 
designed endoscope was used to present air pulse stimuli (range 0.0 to 10 mm Hg) to the laryngopharynx in 20 healthy subjects and 
in 80 patients with dysphagia, using both PT and the LAR. The patients had a variety of underlying diagnoses, with stroke and 
chronic neurologic disease predominating (n = 65). In the control group and in the group of patients with dysphagia, there was no 
statistically significant difference between the median laryngopharyngeal sensory thresholds whether we used PT or the LAR (p > 
.05, Wilcoxon signed-rank test). The intraclass correlation for the total sample was .999 (U = .999, L = .998). Since psychophysical 
and sensorimotor reflex thresholds were not statistically significantly different and the intraclass correlation was close to a perfect 

‘correlation, we conclude that the LAR can be used as an objective and accurate clinical method of endoscopically assessing laryn- 
gopharyngeal sensory capacity. 


KEY WORDS — dysphagia, endoscopy, laryngopharyngeal sensation, swallowing. 


INTRODUCTION l 2 responses in the thyroarytenoid muscle (R1 and 

In previous work, we determined that the sensory R2) during the LAR. The R1 response is ipsilateral 
capacity of the laryngopharynx can be determined and has an average latency of 18 milliseconds (ms). 
by endoscopically delivering discrete air pulse stimu- The R2 response is bilateral and has an average laten- 
li to the mucosa innervated by the internal branch of cy of 68 ms. It is felt that the R2 response is what is 
the superior laryngeal nerve. 1:2 We determined senso- observed clinically upon stimulation of the internal 
ry thresholds using psychophysical techniques. We branch of the superior laryngeal nerve.> Since the 
varied the air pulse over a range of pressures and LAR is an involuntary reflex,” it does not require 
determined the lowest value at which the patient felt conscious control by the patient. In preliminary in- 
the stimulus. A potential shortcoming of this tech- vestigations using air pulse stimulation of the laryn- 
nique is that the patient may misunderstand task di- gopharyngeal mucosa, we noted that the LAR was 
rections. Of particular concern is that patients with typically elicited. The purpose of this study was to 
cognitive or neurologic impairments might not indi- determine if the thresholds for detecting the air pulse 
cate that they felt the stimulus at threshold, but only stimulus perceptually and evoking the LAR reflex- 
at some higher value that would lead to nonsystem- ively were the same. If so, then the LAR could be 
atic bias of this subjective measurement. used as a more objective measure of the sensory ca- 


pacity of the laryngopharynx that does not require a 


Stimulation of the mucosa innervated by the supe- : 
conscious, controlled response. 


rior laryngeal nerve is well known to elicit the laryn- 
geal adductor reflex (LAR), which is a brief closure 
of the true vocal folds.34 Electromyographic stud- MATERIALS ANE METHODS 

ies by Ludlow et al56 in humans have demonstrated A specially designed endoscope was used to pre- 
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sent air pulse stimuli to the laryngopharynx in 20 
healthy subjects and in 80 patients with dysphagia, 
for both psychophysical testing (PT) and the LAR. 
The control subjects were 20 healthy individuals se- 
lected from outpatient volunteers who were on regu- 
lar diets and had no history of dysphagia and no histo- 
ry of stroke or chronic neurologic disease. The 80 
patients with dysphagia had a variety of underlying 
diagnoses and conditions, including stroke, chronic 
neurologic disease (Parkinson’s disease, multiple 
sclerosis), bronchiectasis, pneumonia, dementia, and 
dysphagia subsequent to open heart surgery and/or 
prolonged intubation. Stroke and chronic neurologic 
disease predominated (n = 65). For this analysis we 
selected patients who could perform the psychophys- 
ical test. Dysphagia was defined as any subjective 
or objective patient complaint of difficulty swallow- 
ing solid or liquid food, or the presence of coughing 
or choking while swallowing. Informed consent was 
obtained on all subjects in the study. 


Stimulus Delivery. The following equipment was 
used to perform laryngopharyngeal air pulse stimula- 
tion: an endoscope, a light source, a sensory stimula- 
tor that was attached to the endoscope, a television 
monitor, a video printer, and a videocassette recor- 
der.” 


To measure the supraglottic and pharyngeal senso- 
ry thresholds and the LAR, a pressure- and dura- 
tion-controlled pulse of air was delivered along the 
aryepiglottic folds, just anterior to the arytenoids. 
The air pulse, 50 ms in duration, was varied in in- 
tensity from 0 to 10 mm Hg. It was delivered via an 
internal port located within a flexible fiberoptic tele- 
scope made for this purpose (Pentax Precision Instru- 
ment Corporation, Orangeburg, NY). The air pulse 
was obtained from a laryngopharyngeal air pulse sen- 
sory stimulator also developed for this purpose (Pen- 
tax Precision Instrument Corporation). ! The flexible 
laryngoscope was inserted into the nasal passage, 
and the distal tip of the scope was advanced, under 
direct vision, until it was approximately 2 mm from 
the test site. No topical local anesthesia was utilized, 
The patient was then given a 1-minute rest period to 
adapt to the laryngoscope and prepare for testing. A 
masking sound was used to prevent the patient from 
using auditory cues to determine the presence of a 
stimulus. 


Psychophysical Testing. To obtain sensory thresh- 
olds, we used the ascending-descending method of 
limits while the duration of the air pulse was held 
constant at 50 ms. Prior to sensory testing, the pa- 
tient was first provided a detailed description of the 
apparatus and the psychophysical procedure. Next, 
air pulse stimuli were delivered to the cheek to dem- 


onstrate to the patient the phasic nature of the stim- 
ulus and the tapping or touchlike sensation that it 
evokes. The scope was then inserted as described 
above. To orient the subject to pharyngeal and laryn- 
geal stimulation, we initially presented a suprathresh- 
old stimulus to the test site in the laryngopharynx, 
whose duration was 1 second rather than the brief 
50-ms stimulus used for testing. This long-duration 
stimulus was easily detected by all subjects. The 
stimuli were presented in discrete trials. Each trial 
lasted for approximately 10 seconds, with a 10-sec- 
ond intertrial interval. The air pulse was adminis- 
tered after a verbal announcement of the beginning 
of the trial, at a random time from 2 to 8 seconds 
within the 10-second trial interval. Patients were in- 
structed to raise their hands within 2 seconds of stim- 
ulus presentation if they felt the air pulse. Stimulus - 
trials were presented in blocks, during which stimu- 
lus intensity either began at a subliminal value and 
increased by 1 mm Hg with each trial until detection 
occurred (ascending block) or began at a supralimi- 
nal value and decreased by 1-mm Hg steps until no 
detection occurred (descending block). Three blocks 
of ascending pressure stimulus presentations and 3 
blocks of descending pressure stimulus presentations 
were randomly ordered for each subject. A 30-sec- 
ond rest period separated the blocks. The mean of 
the lowest detected pressures from the 6 blocks was 
used as that subject’s sensory threshold. | 


Two modifications to the ascending-descending 
method of limits were used to ensure accurate thresh- 
old determinations. First, catch trials were introduced 
in which a stimulus was not presented. This was ac- 
complished by reducing the stimulus intensity to zero 
but continuing to ask the patient if he or she felt the 
air pulse. The absence of a patient’s response on these 
trials verified that he or she was responding to the 
air pulse stimulus and not to an extraneous cue such 
as the masking sound. Second, stimuli were pre- 
sented in a single-blind procedure in which the ex- 
aminer did not have knowledge of the stimulus in- 
tensity. This was accomplished by having an associ- 
ate working with the examiner set the stimulus in- 
tensity. In this way, the examiner did not know the 
starting subliminal stimulus intensity, the intensity 
of the largest supraliminal stimulus used, or on which 
trials the stimulus was not presented (catch trials). 
Moreover, the examiner did not know in advance if 
the stimulation block consisted of air pulses pre- 
sented in ascending or descending order. Both the 
right and left sides of the laryngopharynx were stud- 
ied in each patient and control. l 


Laryngeal Adductor Reflex. The fiberoptic tele- 
scope was inserted into the nose and, unlike for PT, 
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TABLE 1. LARYNGOPHARYNGEAL SENSORY DISCRIMINATION TESTING (LPSDT) FORM 

















t 
Medical Record Number Date of interview i (mmddyy) 
LPSDT ' 
+ = positive response, — = negative response, C = catch trial, LC = laryngeal ‘closure, S = swallow 
Data (mm Hg) : 
Right Left 
Threshold Threshold 


(Normal = <4.0 mm Hg, moderate deficit = 4.0 to 6.0 mm Hg, severe deficit = >6.0 mm Hg) 


Laryngopharyngeal sensation 











Right Left 

(0 = normal, 1 = moderate deficit, 2 = severe deficit) 
Safety 

Airway compromise O=no 1l=yes 
Epistaxis O=no 1l=yes 





Patient discomfort 





Reprinted from Aviv et al.!! 


no verbal announcement of the beginning of a test- 
ing trial was made. Instead, we gave the previously 
described 3 blocks of ascending and 3 blocks of de- 
scending air pulse stimulus presentations, noting at 
what stimulation pressure the LAR was elicited. The 
vocal fold adduction of the LAR was determined by 
direct visualization of vocal fold movement on a vid- 
eo monitor receiving a real-time image from the fi- 
beroptic telescope. When the reflex is absent, the 
vocal folds fail to close after stimulation in this re- 
gion. The type of vocal fold closure taking place in 
response to air pulse stimulation was a brief, rapid, 
nonrhythmic, bilateral vocal fold adduction that was 
clearly distinguishable from the rhythmic bilateral 
vocal fold movement seen during normal respira- 
tion. The mean of the lowest pressures from the 6 
blocks that elicited brief laryngeal adduction was re- 
corded as that subject’s LAR threshold. The entire 
sensory testing examination was recorded on video- 
tape and on a sensory testing form (Table 1!!). 


The safety of sensory testing with the LAR was 
assessed by noting the presence or absence of air- 
way compromise and epistaxis. In addition, patients 
were asked to rate the level of discomfort of the pro- 
cedure on a scale ranging from none to mild to mod- 
erate to severe discomfort. The safety information 
was recorded on the aforementioned sensory testing 
form (Table 1). 


Statistical Analysis. Within each group (healthy 
controls and patients with dysphagia), the Wilcoxon 


0 = none, 1 = mild, 2 = moderate, 3 = severe 
If your physician advised that you repeat this test, would you repeat this test? 





O=no Il=yes 


signed-rank test was used to assess differences in sen- 
sory thresholds between the PT and the LAR. In ad- 
dition, a cross-comparison between PT and LAR for 
each patient was tabulated. 


Intraclass correlations (ICCs) were run in order 
to directly compare the thresholds elicited by PT and 
LAR. The ICCs were computed for the total sample 
and for each deficit level. The range of ICCs is from 
0 to 1, with 1 being a perfect correlation. !? 


RESULTS 


The 20 control subjects were 12 men and 8 women 
with a mean age of 47 + 20 years. For PT the median 
sensory threshold was 2.84 + 0.64 mm Hg. The medi- 
an threshold for eliciting the LAR in the control 
group was 2.97 + 0.78 mm Hg. The PT and LAR 
thresholds were not significantly different (p > .05, 
Wilcoxon signed-rank test). The ability to elicit the 
LAR did not differ when stimulation was at any loca- 
tion along the aryepiglottic folds. 


In the control group, 100% of healthy controls re- 
sponded to air pulse stimulation of either side of the 
laryngopharynx (either feeling the air pulse or hav- 
ing elicitation of the LAR) at air pulses less than 4.0 
mm Hg air pulse pressure. The patients with dyspha- 
gia, if they responded at all to the air pulse stimulus, 
did so at stimulus intensities greater than 4.0 mm 
Hg air pulse pressure, which is a statistically signifi- 
cantly higher threshold. As in previous studies, laryn- 
gopharyngeal sensory discrimination thresholds in 
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TABLE 2. MEDIAN SENSORY THRESHOLDS IN 
PATIENTS WITH DYSPHAGIA 











Psychophysical Laryngeal 
Laryngopharyngeal Threshold Adductor Reflex 
Sensation (n = 72) (mm Hg) (mm Hg) 
Bilateral normal (n = 12) 3.27 + 0.67 3.44 + 0.86 
(p > .05) 
Bilateral severe (n = 30) 10.40 + 2.31 10.60 + 2.44 
(p > .05) 
Unilateral severe (n= 20) 10.10 +2.22 10.30 + 2.56 
(p > .05) 
Bilateral moderate (n =4) 5.40 Ł 1.54 5.82 + 1.68 
(p > .05) 
Unilateral moderate (n= 6) 5.48 +1.77 5.61 + 1.87 
(p > .05) 


Data are mean + SD. Data for unilateral deficits are from affected 
side. Contralateral-side data are normal and are not presented. Eight 
patients with severe deficits in whom sensory threshold could not 
be obtained are not included in this analysis. 





this study were defined as either normal (<4.0 mm 
Hg air pulse pressure), moderately impaired (4.0 to 
6.0 mm Hg air pulse pressure), or severely impaired 
(>6.0 mm Hg air pulse pressure).? 


As air pulse pressures were increased to supra- 
threshold levels in the control group, it was consis- 
tently noted that suprathreshold stimulation of the 
laryngopharynx, in addition to eliciting the LAR, also 
elicited a cough and a swallow. 


The dysphagic group consisted of 48 men and 32 
women with a mean age of 67 + 16 years. The sensory 
testing results of the 80 patients with dysphagia were 
divided into 5 groups: bilateral normal, bilateral se- 
vere, unilateral severe, bilateral moderate, and uni- 
lateral moderate (Table 2). In comparing thresholds 
for each group, there was no statistically significant 
difference between the median sensory thresholds 
for PT versus LAR (p > .05, Wilcoxon signed-rank 
test). In patients with unilateral deficits, the normal- 
side sensory thresholds were not significantly differ- 
ent from those of the control group (p > .05, Wilcoxon 
signed-rank test). Whether patients showed unilateral 
or bilateral deficits on PT, the pattern of the LAR 
was the same. Furthermore, as in the control group, 
suprathreshold stimulation on the normal or moder- 
ately deficient sides resulted in a cough and a swal- 
low. None of the patients tested had a vocal fold pa- 
ralysis. 


The ICC for the total sample was .999 (upper con- 
fidence limit [U] = .999, lower confidence limit [L] 
= .998). The ICCs for each of the 5 groups were .992 
(U = .995, L = .938) for bilateral normal, .998 (U = 
.998, L = .965) for bilateral severe, .982 (U = .999, L 
= .760) for unilateral severe, .990 (U = .995, L = 
.979) for bilateral moderate, and .982 (U = .997, L = 
.878) for unilateral moderate. 


TABLE 3. CROSS-TABULATION OF NUMBER OF 
DYSPHAGIC PATIENTS WITH SENSORY DEFICITS 
SHOWN ON EITHER PSYCHOPHYSICAL TESTING 

OR LAR TESTING (N = 80) 


Psychophysical Testing 


4.0-6.0 >6.0 
<4.0 (Moderate {Severe 














LAR Test Result (Normal) Deficit) Deficit) 
<4.0 (Normal) 12 0 0 
4.0-6.0 (Moderate deficit) 0 10 0 
>6.0 (Severe deficit) 0 0 58 


“Moderate” and “severe” deficits refer to either unilateral or bilat- 
eral sensory deficit; 4.0, 6.0, etc are air pulse pressure in millime- 
ters of mercury. 


LAR — laryngeal adductor reflex. 





A cross-comparison between PT and LAR for each 
dysphagic patient revealed 100% concordance be- 
tween PT and LAR (Table 3). 


There were no instances of airway compromise 
or epistaxis. All controls and patients said that they 
would have the test again if their physician advised 
them to do so. The level of discomfort of the proce- 
dure was rated by the control group as follows: 2 
(10%) rated no discomfort, 12 (60%) rated mild dis- 
comfort, 4 (20%) rated moderate discomfort, and 2 
(10%) rated severe discomfort. In the patient group, 
3 (3.8%) patients rated no discomfort, 64 (80%) rated 
mild discomfort, 12 (15%) rated moderate discom- 
fort, and 1 (1.2%) rated severe discomfort. 


There was a subgroup of 8 patients with bilateral 
severe sensory deficits who did not react with either 
PT or LAR at the maximum deliverable air pulse 
pressure of 12 mm Hg. Because an actual sensory 
threshold could not be obtained on this group of pa- 
tients, they are not included in the overall analysis 
between PT and LAR for dysphagic patients. 


DISCUSSION 


To devise a form of laryngopharyngeal sensory 
discrimination testing that is more objective than PT 
alone, we have implemented a method that takes ad- 
vantage of the LAR, thereby eliminating the need 
for a conscious and informed response by the pa- 
tient. With this modification, it is now possible to 
test patients with a variety of cognitive deficits, thus 
potentially widely increasing the number of test sub- 
jects who could participate in, and benefit from, sen- 
sory testing. The new modification of the testing pro- 
cedure uses the same air pulse stimuli as has been 
described; however, in this modification, air pulse 
stimulation of the mucosa innervated by the superi- 
or laryngeal nerve is used to elicit the LAR. 


Sensory testing of the laryngopharyngeal mucosa 
was developed to obtain objective and reproducible 
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clinical information regarding the role of afferent in- 
formation important for organizing the swallow. The 
2 basic techniques that have been in widespread use 
to assess swallowing — modified barium swallow 
study and endoscopic evaluation of swallowing — 
while outstanding and comprehensive tests, do not 
directly assess sensory capacity in the laryngophar- 
ynx. Unrecognized, or insufficiently recognized, sen- 
sory deficits in the laryngopharynx can lead to dys- 
phagia and aspiration. Studies have shown that if one 
cannot sense food and secretions in the laryngophar- 
ynx, normal laryngopharyngeal airway protective re- 
flexes will not be properly initiated. 13-14 This can re- 
sult in secretions and debris descending not only into 
the esophagus but also into the tracheobronchial tree. 
The importance of sensory assessment of the laryn- 
gopharynx in patients with dysphagia was previously 
addressed by Kidd et al,!5 who demonstrated that 
the presence of laryngopharyngeal sensory deficits, 
along with severity of stroke, is statistically signifi- 
cantly related to the development of aspiration pneu- 
monia after stroke. Kidd et al assessed laryngopha- 
ryngeal sensation with the tip of a long stick applied 
once to each side of the hypopharynx. Patients were 
asked to compare the 2 stimuli, and the presence or 
absence of sensation was noted. Kidd et al were not 
assessing the gag reflex; they placed the stick into 
the hypopharynx, an area innervated by the 10th 
nerve. A shortcoming of the long stick technique is 

` that it is a relatively crude and difficult-to-reproduce 
method of sensory assessment. 


As greater experience and expertise with endo- 


scopic swallowing evaluations have been obtained, 
recent work has demonstrated that endoscopy can 
give the clinician information comparable to that pro- 
vided by the modified barium swallow study.!®!7 The 
combination of laryngopharyngeal sensory testing 
with endoscopic swallowing evaluations, which has 
been termed flexible endoscopic evaluation of swal- 
lowing with sensory testing (FEESST), provides a 
comprehensive bedside motor and sensory assess- 
ment of swallowing.!!.!8 A prospective study com- 
paring modified barium swallow study and laryngo- 
pharyngeal sensory discrimination testing as predic- 
tors of aspiration pneumonia risk in stroke patients 
with dysphagia found that sensory testing, when used 
in conjunction with a modified barium swallow 
study, decreased the false-negative rate of the modi- 
fied barium swallow study in predicting aspiration 
pneumonia from 40% (when used alone) to 0%.!9 


The implication of the results of this study is that 
an involuntary reflex, the LAR, can be used to as- 
sess laryngopharyngeal sensory capacity in patients 
with cognitive impairment who are unable or unwill- 
ing to respond to psychophysical stimuli. 


CONCLUSION 


We have demonstrated that assessment of the LAR 
by air pulse stimulation of the laryngopharyngeal mu- 
cosa can be used to assess sensory capacity in the 
laryngopharynx. It is hoped that this technique can 
eventually be applied to more precisely guide the 
dietary and behavioral management of patients with 
dysphagia in the acute and postacute settings. 
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SEVERE PHARYNGEAL STENOSIS TREATED WITH INFERIORLY 
BASED STERNOCLEIDOMASTOID MYOCUTANEOUS FLAP 


JEFFREY R. HALLER, MD 


STEVEN D. GRAY, MD 


SALT LAKE CITY, UTAH 


Severe pharyngeal stenosis is a debilitating condition associated with apnea and dysphagia. Treatment options include local 
flaps and free mucosal grafts. We present 2 cases of severe stenosis, apparently from adenotonsillectomy, that failed more conserva- 
tive repairs. Both were treated successfully with a sternocleidomastoid myocutaneous flap rotated in through a lateral pharyngotomy. 
No further treatment has been required. Technical considerations and operative planning are discussed. 


KEY WORDS — pharyngeal stenosis, sternocleidomastoid flap. 


INTRODUCTION 


Pharyngeal stenosis is a circumferential contrac- 
ture of the pharynx decreasing the normal commu- 
nication from the nose and oral cavity to the trachea 
and esophagus, respectively. Acquired pharyngeal 
stenosis is uncommon. In çurrent times it is most 
often a complication of surgical trauma. ! Prior to an- 
tibiotics, the majority of reported cases of pharyn- 
geal stenosis were related to infection. While syphi- 
lis was the cause in the majority of the infected cases, 
rhinoscleroma, lupus, diphtheria, and tuberculosis 
have all been reported.” Other reported causes of pha- 
ryngeal stenosis include acid burns and external trau- 
ma.? Surgical causes of pharyngeal stenosis can in- 
volve adenotonsillectomy, uvulopalatopharyngo- 
plasty, and corrections of velopharyngeal insufficien- 
cies. Likely factors leading to stenosis include exces- 
sive destruction of mucosa, either with aggressive 
removal of tissue or by cauterization. Keloid or hy- 
pertrophic scar formation can additionally play a 
role.45 


Acquired pharyngeal stenosis secondary to surgi- 
cal trauma generally will involve the nasopharynx 
and the oropharynx. A typical view may include the 
fusion of the soft palate and the anterior tonsillar pil- 
lars to the posterior pharyngeal wall. The uvula of- 
ten appears plastered to the posterior pharyngeal wall. 
Scarring and the formation of adhesions of the ante- 
rior tonsillar pillar down to the base of the tongue 
can significantly narrow the oropharyngeal aperture. 
The obstruction may vary from a thin membrane to 
a thick circumferential scar.® 


The most prominent symptom of pharyngeal steno- 


sis is nasal obstruction, usually associated with ante- 
rior nasal discharge.’ Additional symptoms include 
absent nasal speech resonance, rhinorrhea, dyspha- 
gia, and obstructive sleep apnea. As the oropharynx 
becomes more involved, both breathing and swallow- 
ing may be significantly disrupted. This is often dif- 
ficult to treat. Simple dilation has been reported as 
successful in selected cases, but is only useful in the 
mildest deformities.” Division of the scar and rotation 
of local mucosal flaps has been described. McDonald 
et al® describe a unilateral palatal flap. Cotton! re- 
ports successfully employing a laterally based flap 
consisting of most of the posterior pharyngeal wall. 
McLaughlin et al® report successful intervention 
through a variety of techniques, including steroid in- 
jections, lysis of adhesions, and rotational and ad- 
vancement mucosal flaps. In a severe case refracto- 
ry to more conservative methods of treatment, they 
report placing a jejunal free flap. They emphasized 
the importance of individualizing the repair or treat- 
ment on the basis of the defects. Depending on the 
severity of the stenosis, more radical reconstruction 
methods may be necessary. 


MATERIALS AND METHODS 


Two patients were found to have severe pharyn- 
geal stenosis at Primary Children’s Medical Center 
and the University of Utah. The patients’ ages at the 
time of presentation were 5 years old and 62 years 
old. Both patients had experienced a previous adeno- 
tonsillectomy. Follow-up for the child is 2 years and 
for the adult is 11 months. 


Case I. A5-year-old boy underwent an adenoton- 
sillectomy in 1995. Following his tonsillectomy he 
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Fig |. (Case 1) Inferiorly based sternocleidomastoid flap 
is designed with skin paddle lying over superior portion 
of muscle 


developed progressively severe dysphagia, and pha- 


ryngeal stenosis at the level of the inferior poles of 


the tonsillar fossa was diagnosed. His dysphagia pro- 
gressed until he was only taking liquids and was los- 
ing weight. He had severe velopharyngeal incompe- 
tence because his soft palate was scarred inferiorly 


and could not retract. He had a nasometer score of 


60 (normal being 18 to 25). He also had dyspnea on 
exertion and heroic snoring while sleeping. He un- 
derwent dilation and injection to the scar with ster- 
oids on 2 occasions. He underwent pharyngoplasty 
with a scar release and rotation of mucosal flaps. All 
treatments were unsuccessful in relieving his pharyn- 
geal stenosis. In an attempt to bring in outside tis- 
sue, an inferiorly based sternocleidomastoid myocu- 
taneous flap was elevated from his right neck (Fig 
1). This was tunneled through his lateral pharyngeal 
wall into his oropharynx. His pharyngeal scar was 
released on the right and posteriorly. The flap was 
interposed posteriorly where the scar had been re- 
moved and the tissue released. It was sewn across 
the entirety of the posterior pharyngeal wall (Fig 2). 
The scar was also released from the soft palate. The 
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Fig 2. Surgical technique. A) Severe pharyngeal stenosis 
with dotted line depicting superior incision where scar 
was released. B) Myocutaneous transfer of sternocleido 
mastoid flap through lateral pharyngotomy into posteri- 
or and lateral pharyngeal walls after release of scar. 


flap remained viable with no loss of skin. The child 
noticed a significant improv ement in his swallow- 
ing. He is able to maintain his weight and eat a regu- 
lar diet. He had no further airway obstruction with 
exertion, and his velopharyngeal speech was com- 
pletely corrected. The child’s nasometer score was 
returned to normal. Additionally, his parents report 
that he no longer snores and has no symptoms sug- 
gestive of sleep apnea. Two years after his proce- 
dure, he continues to do well (Fig 3). 


Case 2. A 62-year-old man was referred from the 
sleep disorders clinic. He had undergone an adeno- 
tonsillectomy as a small child more than 50 years 
earlier. He had developed a severe pharyngeal steno- 
sis at the level of the soft palate and was unable to 
breathe through his nose. Approximately 15 years 
earlier, a surgeon placed a tube through his nasophar- 
ynx and forced an opening that remained, It mea- 
sured approximately 3 mm in diameter. The patient 
otherwise had a complete scarring of his soft palate 
to his posterior and lateral pharyngeal walls. He un- 


Fig 3. (Case 1) A.B) Two years 
after rotation of sternocleidomas- 
toid myocutaneous flap. Patient 
shows no functional neck changes 
and minimal cosmetic changes. 
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Fig 4. A) When using inferiorly based sternocleidomas- 
toid myocutaneous flap, skin paddle is placed over su- 
perior portion of muscle. B) Blood supply to flap comes 
from thyrocervical trunk and branches off either supe- 
rior thyroid or inferior thyroid artery. 


derwent polysomnography and was noted to have 
moderately severe sleep apnea. He attempted use of 
continuous positive airway pressure (CPAP), but had 
significant difficulties secondary to his pharyngeal 
stenosis. He was referred for possible surgical cor- 
rection. Initially, he underwent a pharyngoplasty with 
a laterally based, posterior pharyngeal wall advance- 
ment and rotational flap reconstruction. There was 
such extensive scarring of this area that surgery was 
technically difficult. The scar was released and the 
flap was rotated into place. Within a 3-month pe- 
riod, he completely scarred again and was unable to 
tolerate his CPAP. A right inferiorly based sternoclei- 
domastoid myocutaneous flap elevation was per- 
formed. The flap was tunneled through the right lat- 
eral wall. The scar was completely excised on the 
right. The flap was sewn into place along the poste- 
rior and lateral pharyngeal walls. There was a 50% 
loss of skin from the flap; however, the muscle re- 
mained viable and healed nicely into place. The pa- 
tient has maintained a nasopharyngeal opening and 
is tolerating his CPAP well. His sleep apnea is con- 
trolled with CPAP. This patient is 11 months post- 
surgery and continues to do well. 


SURGICAL TECHNIQUE 


The sternocleidomastoid muscle is outlined exter- 
nally on the neck skin. A cutaneous skin paddle is 
designed to reconstruct the desired defect. It is lo- 
cated over the superior portion of the sternocleido- 
mastoid muscle (Fig 4). An incision is designed in- 
corporating the skin paddle and following relaxed 
skin tension lines. Subplatysmal flaps are elevated 
superiorly and inferiorly. The sternocleidomastoid 


muscle is skeletonized circumferentially. The spinal 
accessory nerve is identified and preserved. Care is 
taken to protect the blood supply to the middle and 
inferior portions of the flap. The majority of the blood 
supply comes from inferiorly, from the thyrocervi- 
cal trunk. A second branch comes off the superior 
thyroid artery. Once the flap is elevated, a tunnel is 
then created by dissecting to the lateral pharyngeal 
wall. Once the lateral pharyngeal wall is reached, a 
pharyngotomy is used for exposure and to deliver the 
flap into the desired area of the pharynx. The scars 
have been released transorally, and a specific bed for 
the flap has been created. The flap is then sewn into 
place by incorporating sutures both through the skin 
and muscle. The skin is then closed externally, and 
very little defect is noted in the normal neck contour. 


DISCUSSION 


Several papers have been written describing the 
anatomy, causes, and symptoms associated with pha- 
ryngeal stenosis. A variety of methods for reconstruc- 
tion have been described, including local, rotational, 
and advancement flaps from the pharyngeal walls 
and palate. MacKenty? in 1927 described a proce- 
dure with a superiorly based mucosal flap from the 
oral surface of the soft palate. The flap was then 
doubled over so that the mucosa of the flaps faced 
the posterior pharyngeal and nasopharyngeal walls. !° 
A second group reported a series of 16 cases with a 
similar method of reconstruction. Others have gone 
further for their local tissue and recruited tissue from 
the retromolar trigone. The retromolar trigone was 
then covered with buccal advancement flaps.!! 


For thin, shelflike obstructions, Woolf and Broad- 
bent? were able to use a Z-plasty to correct the ob- 
struction. More recently, Cotton! reported a series of 
7 children, all with pharyngeal stenosis, in whom he 
was able to use a laterally based posterior pharyn- 
geal flap. The original plan with his procedure was 
to perform a 2-stage repair involving flaps from both 
sides. Only 1 patient required a 2-part reconstruc- 
tion. The first free flap reported for repair of pharyn- 
geal stenosis was in 1993. A radial forearm free flap 
was inserted posteriorly to cover a denuded surface 
in a patient who had undergone multiple local attempts 
at reconstruction. !? Most recently, McLaughlin et al® 
reported 8 cases with various degrees of pharyngeal 
stenosis and associated symptoms. They performed 
a variety of reconstructions based on the severity of 
the obstruction. These included Z-plasty, laterally 
based mucosal flaps, simple incision, injection with 
steroids, and a jejunal free flap. Treatment was re- 
ported to be successful in all of their patients. 


In our 2 patients, attempts had been made at simple 
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local reconstruction. It was clearly evident in both 
patients that further reconstruction with local tissue 
was impossible. Considerations for reconstruction in- 
cluded lateral arm and radial forearm free flaps and 
regional myocutaneous or fasciocutaneous flaps. We 
elected to use the sternocleidomastoid flap because 
of its proximity to the reconstruction and our ability 
to leave the muscle generally in place, giving good 
cosmesis for the neck. 


The sternocleidomastoid myocutaneous flap has 
been widely studied as both a superiorly and inferi- 
orly based flap. The dominant blood supply to the 
sternocleidomastoid muscle comes off the occipital 
artery, favoring the superiorly based flap. Minor blood 
supply includes branches from the superior thyroid 
artery and the thyrocervical trunk. Although the su- 
perior-based flap has the dominant blood supply, the 
skin of the inferior portion of the sternocleidomas- 
toid muscle is more reliable, since the vascular per- 
forators do not have to pass through the platysma 
muscle in the upper one third of the neck, as they do 
in the lower two thirds. This may favor the inferior- 
ly based flap when a cutaneous paddle is warranted. 
With either, saving the branches from the superior 
thyroid artery and vein adds to the reliability of this 
flap.!3 


The maximum surface area of a sternocleidomas- 
toid myocutaneous flap depends on the size of the 
muscle and how far from the donor site the muscle 
is to be transferred. The entire muscle and skin over- 
lying the muscle can be incorporated in the flap. 
However, the blood supply must be maintained, and 


the arc of rotation is limited by the ability to free the 
vascular supply. The flap has been shown to be use- 
ful for regional reconstruction including the upper 
aerodigestive tract, the lower lip, and the parotid 
bed.!4-16 It has also been used for facial reanimation 
by preserving the spinal accessory neural branches 
to the sternocleidomastoid muscle. With either the 
superior-based or inferior-based flap, saving the 
branches from the superior thyroid artery and vein is 
important. Even when maintaining these, in our ex- 
perience we found no difficulties in rotating an infe- 
riorly based flap into the oropharynx and nasophar- 
ynx. 


Criticism of the flap includes the safety of preserv- 
ing the muscle on oncological grounds. This pertains 
to malignancies of the upper aerodigestive tract and 
preserving the muscle when there are regional lym- 
phatic metastases. The flap has also been criticized 
for its unreliable skin paddle and contour deformity 
in the neck following flap transfer.!” In 1 of our pa- 
tients we had partial skin loss, but the flap quickly 
mucosalized and the healing in the muscle prevented 
a fistula. The inferiorly based flap in our patients 
caused minimal changes in the contour of their necks. 


The sternocleidomastoid myocutaneous flap can 
be a reliable flap in nonirradiated patients when the 
blood supply is carefully preserved. In both our cases 
the treatment was successful and there was no donor 
site morbidity. We therefore advocate the inferiorly 
based sternocleidomastoid muscle for its potential 
role in reconstruction of the most severe pharyngeal 
stenosis cases. 
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PREVENTION OF AIRWAY COMPLICATIONS IN THYROPLASTY 
PATIENTS REQUIRING ENDOTRACHEAL INTUBATION 
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Patients who have undergone silicone vocal cord medialization and require additional surgery are at risk for airway complica- 
tions. There is a narrowed glottic aperture that may be prone to develop postoperative laryngeal edema and prosthesis extrusion. This 
study was designed to assess the management of this difficult airway and to determine the frequency of postintubation complications. 
We identified 82 patients who had undergone vocal cord medialization with silicone implants between 1991 and 1995. Seventeen of 
these patients underwent additional surgical procedures requiring general anesthesia. A retrospective review of these patients’ charts 
was performed to determine the management of the airway and the incidence of postintubation complications. There were no 
postintubation complications in the 17 patients who were studied. The duration of surgery ranged from 40 minutes to 4 hours 15 
minutes. Two patients were ventilated via bronchoscope, and 15 patients were intubated orally. The endotracheal tubes ranged from 
size 6 to size 9 (median size 8). None of the patients required perioperative steroids. All patients were successfully extubated in the 
recovery room. No patients required intubation or tracheotomy, and there were no implant extrusions. In this study, the incidence of 
postintubation airway complications in patients who had undergone previous thyroplasty was minimal. Nevertheless, the potential 
for airway compromise exists. We recommend preoperative discussion with the anesthesiologist, atraumatic intubation with a small 
endotracheal tube, and diligent observation for airway compromise. 


KEY WORDS — airway complications, endotracheal intubation, medialization, silicone, thyroplasty. 


INTRODUCTION 


Patients with intrathoracic malignancies are at risk 
for unilateral vocal cord paralysis as a consequence 
of involvement of the vagus or recurrent laryngeal 
nerve in its intrathoracic course or resection of the 
nerve as part of surgical management of their dis- 
ease. Patients with lung or esophageal cancer, or met- 
astatic disease to the lung or mediastinum, are espe- 
cially prone to develop this condition. These patients 
may suffer from hoarseness, dysphagia, chronic as- 
piration, ineffective cough, and impaired respiration. 
Type I thyroplasty in the form of silicone mediali- 
zation and/or arytenoid adduction assists in obviat- 


ing these symptoms. In our institution this procedure — 


is performed under local anesthesia and is instru- 
mental in improving voice and swallowing and pro- 
viding an effective cough. Immediate benefit may 
be seen in terms of pulmonary toilet and ultimately 
results in improvement in patients’ quality of life. 


Unfortunately, a large proportion of these patients 
may develop recurrence of their cancer or conditions 
requiring additional surgery. Patients who have un- 
dergone medialization procedures are theoretically 
at an increased risk for airway complications second- 
ary to endotracheal intubation. They have a narrowed 
glottic aperture that places them at risk for the devel- 


opment of laryngeal edema. Traumatic intubation 
could be associated with prosthesis extrusion. Cur- 
rently, there are no data in the literature addressing 
the issue of airway management in patients undergo- 
ing intubation who have undergone previous mediali- 
zation procedures. We have performed a retrospec- 
tive study to assess the incidence of airway and post- 
anesthesia complications in patients requiring intuba- 
tion who have undergone type I thyroplasty. 


MATERIALS AND METHODS 


At the Memorial Sloan-Kettering Cancer Center, 
82 patients with preexisting neoplastic conditions un- 
derwent vocal cord medialization with or without ary- 
tenoid adduction between 1991 and 1995. Seventeen 
patients (21%) were identified who underwent sub- 
sequent surgical procedures requiring general an- 
esthesia. A retrospective chart review was performed 
to determine management of the airway at the time 
of surgery and the incidence of postintubation com- 
plications. Factors that were evaluated included the 
type of surgery, duration of intubation, size of endo- 
tracheal tube (including the use of double lumen tubes 
for intrathoracic surgery), and use of perioperative 
steroids to prevent laryngeal edema. We specifically 
addressed the incidence of airway insufficiency ne- 








From the Head and Neck Service, Department of Surgery, Memorial Sloan-Kettering Cancer Center, New York, New York. Dr Friedlander is 
currently in the Department of Otolaryngology and Biocommunication, Louisiana State University Medical Center, New Orleans, Louisiana. 


Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida, May 11-12, 1998. 
CORRESPONDENCE — Dennis H. Kraus, MD, Memorial Sloan-Kettering Cancer Center, Box 285, 1275 York Ave, New York, NY 10021. 


736 


Friedlander et al, Prevention of Complications in Thyroplasty With Intubation 


CHARACTERISTICS OF PATIENTS WHO UNDERWENT INTUBATION AFTER SILICONE 























MEDIALIZATION PROCEDURE 
Pt Date of Date of Size of Length of 
No. Medialization Second Surgery Type of Second Surgery Tube Surgery (min) 
1 Jul 15, 1993 Aug 17, 1998 Bronchoscopy 8 45 
2 Aug 16, 1994 Aug 8, 1996 Bronchoscopy N/A 60 
3 Feb 16, 1995 Feb 22, 1995 Bronchoscopy 8 120 
4 Apr 1, 1992 Apr 19, 1992 Bronchoscopy N/A 60 
5 Oct 8, 1992 May 17, 1996 Closure of abdominal wound 8 150 
6 Aug 3, 1993 Jan 26, 1994 Cricopharyngeal myotomy 8 90 
7 Jan 25, 1995 Jul 18, 1996 Lumbar spine fusion 7 180 
8 Jun 10, 1993 Oct 19, 1995 Lung lobectomy 8 130 
9 Mar 12, 1992 Jun 17, 1993 Neck dissection 7 180 
10 Jul 6, 1994 Jul 19, 1995 Neck dissection 6 165 
ll Oct 14, 1993 May 2, 1996 Endoscopy 8 85 
12 Apr 16, 1996 Apr 24, 1996 Small bowel resection 6 120 
13 Apr 21, 1993 May 24, 1993 Esophagoscopy and removal of foreign body 6 135 
14 Jan 26, 1995 Sep 1, 1995 Thyroidectomy : 6 150 
15 Apr 21, 1994 Jun 3, 1994 Wide local excision of flank tumor 8 40 
16* Nov 15, 1995 Feb 13, 1997 Bronchoscopy 9 185 
17* Nov 8, 1995 Dec 26, 1995 Open reduction with internal fixation of femur 8 255 


N/A — not applicable (bronchoscope). 
*Also had arytenoid adduction. 











cessitating reintubation or performance of tracheos- 
tomy or causing implant extrusion or impairment of 
voice, swallowing, or respiration postoperatively. 


RESULTS 


Seventeen patients (21%) were identified who re- 
quired additional surgical procedures after having un- 
dergone a type I thyroplasty. Fifteen patients had sili- 
cone medialization alone, and 2 patients had combi- 
nation silicone medialization and arytenoid adduc- 
tion. The mean length of time between the medializa- 
tion and the secondary surgery was 1 year (range 6 
days to 5 years). Two patients were ventilated via a 
bronchoscope, and 15 patients were intubated orally. 
The patients who were ventilated via the broncho- 
scope underwent high-dose brachytherapy of bron- 
chial lesions. The mean size of the endotracheal tube 
was 8 (range 6 to 9). The mean duration of the surgi- 
cal procedure was 2 hours 6 minutes (range 40 min- 
utes to 4 hours 15 minutes). The surgical interven- 
tions are listed in the Table. 


In this experience, there were no episodes of air- 
way complications. All of the patients were success- 
fully ventilated during the course of the procedure. 
No patients required steroid therapy perioperatively. 
There was no utilization of tracheostomy for airway 
management at any time during or after the surgery. 
Postoperatively, all patients had subjective return of 
their voice within 1 week of the procedure, compati- 
ble with their preoperative vocal function. Similarly, 
no patients had clinical worsening of swallowing, 


and there were no episodes of documented aspira- 
tion or pneumonia. No patient suffered from pulmo- 
nary impairment related to the surgical procedure. 


DISCUSSION 


Cancer patients form a unique but significant set 
of patients with unilateral vocal cord paralysis. In a 
meta-analysis of 1,019 patients with unilateral vocal 
cord paralysis, 36% were noted to have an underly- 
ing malignancy. Approximately one half of these pa- 
tients had lung cancer.! These patients tended to be 
quite debilitated from their underlying disease. This 
weakened state exacerbates deficiencies associated 
with vocal cord paralysis. These patients typically 
suffer from significant hoarseness, aspiration, dys- 
phagia, and ineffective cough. At our institution, we 
have reported that medialization procedures may fa- 
vorably affect the outcome of this patient popula- 
tion. Kraus et al? reported on a series of 63 patients 
with intrathoracic malignancies and unilateral vocal 
cord paralysis. Fifty-seven patients (90%) were noted 


_ to have significant improvements in hoarseness, dys- 


phagia, dyspnea, aspiration, pneumonia, and nutri- 
tional status after undergoing medialization proce- 


‘dures. The complication rate was 17%.? Only 2 pa- 


tients had major complications related to surgery, 1 
of which was an implant extrusion at the time of at- 
tempted medialization. This complication rate is com- 
parable to that reported by Tucker et al,> and both 
are higher than the rate reported by Netterville et al.4 


Cancer patients with unilateral vocal cord paraly- 
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sis have a lower survival rate than noncancer patients. 
Gardner et al’ evaluated 56 patients with unilateral 
vocal cord paralysis. They found that the survival 
for patients with malignancies was much lower than 
that for patients with benign disease. The mean sur- 
vival of patients with malignancies was 24 months, 
and this figure decreased to only 5 months in pa- 
tients with lung primaries. In addition to a low sur- 
vival rate, we have found that a significant propor- 
tion of these patients will require additional surgery, 
largely because of their cancer diagnosis. Between 
1991 and 1995, 17 of 82 patients (21%) who had 
undergone medialization for unilateral vocal cord pa- 
ralysis at Memorial Sloan-Kettering Cancer Center 
required additional surgical procedures. These proce- 
dures were performed as early as 6 days after medial- 
ization. The surgical procedures ranged from relative- 
ly limited interventions necessitating bronchoscopy 
for the purpose of brachytherapy of a bronchial le- 
sion to more complicated procedures such as open 
reduction and an internal fixation of-a pathological 
hip fracture necessitating a prolonged anesthetic. The 
variety and complexity of the operations was respon- 
sible for the variable time of general anesthesia and 
intubation. 


In this series there were no complications. All pa- 
tients had successful initial management of their air- 
way. As previously noted, 2 patients were ventilated 
via bronchoscope, and the remainder were intubated 
via a peroral approach. The endotracheal tube sizes 
ranged from 6 to 9. In patients undergoing thoracot- 
omy, rather than employ a large double lumen tube, 
we elected to perform single lung ventilation by em- 
ploying a bronchial blocker. A critical factor is the 
atraumatic placement of the endotracheal tube. This 
is performed by one of our senior anesthesiologists, 
with the surgeon who performed the medialization 
being present in the operating room. We have found 
this cooperation to be beneficial in prevention of im- 
plant dislodgement and management of the patient 
in the perioperative period. We did not employ post- 
operative steroids, as there was no significant laryn- 
geal edema after intubation. Despite the lack of com- 
plications encountered in the series, the potential for 
airway problems exists. Patients who have under- 
gone silicone medialization have a foreign body pres- 


ent in the larynx. Appropriate placement of the im- 
plant deep to the vocalis muscle and ligament limits 
the risk of extrusion. We also make every effort to 
preserve the inner perichondrium, which in our opin- 
ion further decreases the risk of implant extrusion. 
Placement of the implant, and particularly arytenoid 
adduction, results in some narrowing of the laryn- 
geal airway, specifically at the posterior commissure. 
These patients remain at risk for airway edema and 
prosthesis extrusion when undergoing airway manip- 
ulation. 


Utilization of a standardized approach for intuba- 
tion of the type I thyroplasty patient results in de- 
creased risk of airway complications. Preoperative 
fiberoptic assessment of vocal cord position alerts 
the surgeon and anesthesiologist to a potentially dan- 
gerous situation. The routine use of atraumatic intu- 
bation performed either under direct vision or assisted 
by a fiberoptic endoscope is critical in this situation. 
Communication among the operating surgeon, the an- 
esthesiologist, and the laryngologist who performed 
the medialization procedure is critical. Although a 
small endotracheal tube was not routinely employed, 
we recommend a small tube when there is no anes- 
thetic contraindication. Postoperatively, these pa- 
tients are closely monitored either in the postanes- 
thesia care unit or in a thoracic step-down unit. Pa- 
tients are closely monitored for signs of laryngeal 
edema or airway obstruction. Although we did not 
employ steroids, they may be utilized in the imme- 
diate postoperative period. Careful observation al- 
lows for assessment and management of postopera- 
tive laryngeal edema. 


CONCLUSION 


In this study, there was no incidence of postintu- 
bation complications in patients who had undergone 
previous thyroplasty. Nevertheless, the potential for 
complications exists. Complications in this popula- 
tion can be life-endangering. On the basis of our ex- 
perience, we recommend preoperative fiberoptic 
evaluation of the airway, coordination of intubation 
among the anesthesiologist, operative surgeon, and 
laryngologist, atraumatic intubation with a small en- 
dotracheal tube, and diligent observation in the post- 
operative period. 
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FAT IMPLANTATION INTO REINKE’S SPACE: 
A HISTOLOGIC AND STROBOSCOPIC STUDY IN THE CANINE 


PEAK Woo, MD 
NEw YorK, NEW YORK 
REZA RAHBAR, MD, DMD ZHI WANG, MD 
BOSTON, MASSACHUSETTS BOSTON, MASSACHUSETTS 


The scarred vocal fold is a cause of persistent dysphonia after laryngeal trauma, microsurgery, and tumor resection. The loss of 
Reinke’s space with scar and stiffness is the primary cause. This study explores the technical aspects of endoscopic implantation of fat 
as an autologous implant for restoring the bulk and pliability of the vocal folds. Fat from the buccal area was harvested and prepared in 
6 dogs. A mucosal flap submucosal pocket was prepared by means of microlaryngoscopy instrumentation. The fat implant was placed 
into the submucosal pocket. The mucosal flap was sutured endoscopically. Six weeks later, the larynx was harvested and mounted, and 
vocal fold oscillation was studied while driven by a humidified flow source. The vibratory patterns were studied by stroboscopy. 
Histologic sections of the vocal folds were made in the coronal plane. All 6 specimens had histologic evidence of viable implanted fat 
and/or fibrous tissue at the implant site. The site of implantation was in the superior aspect of the vocal fold, but contributed to mass in 
vocal fold bulk. This increase in bulk histologically corresponded to stroboscopic evidence of increased mass. On stroboscopy, the 
implant side continued to demonstrate good vibratory function. The study shows that fat implantation can be carried out as an endoscopic 
procedure. Fat implantation may be useful as a surgical procedure for restoration of Reinke’s space. It may be applicable in patients with 
scars, sulcus vocalis, or vocal fold atrophy. 


KEY WORDS — dysphonia, fat implantation, Reinke’s space, scarred vocal fold, stroboscopy. 


INTRODUCTION material, does not answer the quest for a more pliable 
material to substitute for the superficial layer of the 
lamina propria in the vocal fold. Injection of fat into 
a scar is often difficult to perform. Some data suggest 
that the resorption rate of fat injected into the vocal 
fold is high.6 Although the success of fat as a perma- 
nent injectable augmentation alternative to Teflon 
has not been fully demonstrated, fat has many advan- 
tages. The viscoelastic properties of fat are close to 
those of the superficial layer of the lamina propria. 
Fat is softer than Teflon, collagen, or Gelfoam. It is 
readily available as an autologous tissue. Experience 
with fat over time has been well researched.’ The use 
of fat as an implant rather than in the injected form has 
theoretical and practical advantages. Fat implanta- 
tion is the placement of fat into a surgically created 
pocket. By dissection of a pocket to receive the fat 
implant, the fat may be placed into the defect in a 
precisely measured amount. 


The vibratory function of pliable vocal folds is 
important in the production of a clear sound. Struc- 
tural abnormalities remaining after microlaryngeal 
surgery, trauma, and tumor resection often contribute 
to residual dysphonia. Scarring and fibrosis of the 
vocal folds are the principal causes of postoperative 
dysphonia.! The body-cover theory of vocal cord 
vibration has been demonstrated in histologic detail 
by Hirano and Kakita.* Histologic examination of the 
human vocal folds has demonstrated the unique lay- 
ered structure of the vocal fold cover. When scar and 
vocal fold stiffness is the cause of persistent dyspho- 
nia, the resultant vocal fold oscillation demonstrates 
loss of mucosal amplitude and wave secondary to 
disruption or loss of Reinke’s space. The operative 
options in patients with scarred vocal folds are lim- 
ited. The use of collagen injection for glottal incom- 
petencies has been advocated by Ford.> Recently, 


there has been interest in the use of fat as an injectable Fat implantation into the vocal folds has been 
material in the augmentation of the vocal folds. This studied in animal models by previous authors. In 
has been used in patients with glottal incompetencies 1989, Wexler et al® studied the fate of fat in a canine 
due to vocal fold paralysis, as well as other causes.*> scarring model. They showed conclusively that the 
Fat injection into the vocalis muscle, as augmentation scarred canine larynx may be rehabilitated by thy- 
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rotomy, submucosal fat implantation into Reinke’s 
layer, and suture closure of the wound. The fat 
implant survived and restored vocal fold vibration. 
Histologic examination showed viable fat in Reinke’s 
space. In another study, the same group showed the 
vibratory capabilities of the fat-implanted vocal fold 
to be superior to those of the scarred vocal fold 
model.? Their surgical approach, however, requires 
open thyrotomy and tracheostomy. The possibility of 
improved vocal function with fat implantation pro- 
pelled the search for a better surgical alternative for 
performing fat implantation than open thyrotomy and 
tracheostomy. One possibility is endoscopic fat im- 
plantation. With improved instrumentation and en- 
doscopic suturing techniques, endoscopic fat im- 
plantation may be possible. It would retain the ad- 
vantages of fat implantation without the need for 
tracheostomy or laryngofissure. The purpose of this 
study was to explore the limits of an endoscopic 
approach to fat implantation in the vocal fold in a 
canine model. In addition, the fate of the fat implant 
and the effect of the fat implant on the vibratory 
function were tested after surgery by stroboscopy and 
histologic examination. 


MATERIAL AND METHODS 


Animal Surgery. Six adult conditioned laboratory 
dogs were used for this study. The body weights 
ranged from 14 to 20 kg. All animal surgery and care 
procedures were carried out in accordance with insti- 
tutional policies on care of animals. In each experi- 
ment, the left vocal fold served as the control side, and 
the right side served as the experimental side. The 
animals were anesthetized with Nembutal and main- 
tained under a state of anesthesia with spontaneous 
ventilation by periodic intravenous maintenance of 
Nembutal. A buccal fat pad measuring 3 x 10x 5mm 
was harvested through a buccal incision. The fat 
donor site was closed with a 3-0 chromic suture. The 
fat pad was preserved in saline gauze for later implan- 
tation. The adult Jako laryngoscope (Pilling, Ft Wash- 
ington, Pa) was placed into position, and suspension 
microlaryngoscopy was carried out. With standard 
microlaryngeal instrumentation and operative magni- 
fication, the endoscopic procedure to create a pocket 
for fatimplantation commenced. A submucosal pock- 
et was created by making a 1-cm incision on the su- 
perior surface of the right true vocal fold. The inci- 
sion was expanded by blunt and sharp dissection to 
create a submucosal pocket along the medial edge of 
the vocal fold. With a cup forceps, the mucosal flap 
was retracted medially. The microdissector and mi- 
croscissors were used to create a pocket medially and 
inferiorly along the contour of the vocal fold. Care 
was taken to stay in the submucosal plane and avoid 


vocal ligament injury. Once the submucosal pocket 
had been created, adrenaline-soaked (1:1,000) cotton 
pads were placed into the pocket to achieve hemosta- 
sis. The autogenous fat was shaped into a 6 x 4 x 2- 
mm implant and fashioned to fit into the submucosal 
pocket. The fat was placed into the submucosal 
pocket with cup forceps. The mucosal flap was placed 
into position. To prevent fat dehiscence from the in- 
cision and to obtain complete edge-to-edge approxi- 
mation of the mucosal edge, one 4-0 chromic suture 
was placed endoscopically to suture the edges of the 
vocal folds.!° 


Endoscopic Evaluation and Excised Larynx Prepa- 
ration. The animals were examined at 6 weeks after 
endoscopic surgery under general anesthesia. The 
larynx was harvested after euthanasia. Excess soft 
tissue was trimmed from the larynx, and the larynx 
was mounted in a Plexiglas larynx holder. The vocal 
folds were approximated by a suture across the vocal 
process. The excised larynx phonation model is fash- 
ioned after Baer.!! The laryngeal holder has pressure 
taps for subglottic pressure, flow metering, and ad- 
justment of flow. A heated, humidified airflow source 
(Bird heater humidifier controller) was used to drive 
the vocal folds. The air temperature was set at 36°C 
at 100% humidification. The subglottic pressure nec- 
essary to initiate the onset of steady vocal fold oscil- 
lation was recorded. During sustained vocal fold 
oscillation, a stroboscopic light source and video 
camera were used to record vocal fold vibratory 
behavior (Power Instrumentation, Skokie, Ill). Stro- 
boscopic endoscopy examination was used to com- 
pare the vibratory behavior of the control side with 
that of the experimental side as to vibratory capabil- 
ity, amplitude, mass, and mucosal wave. 


Histology. After the studies of vibratory behavior 
were completed, the larynx was fixed in 10% forma- 
lin, dehydrated, and processed for histology. The 
larynx was mounted and cut in the coronal plane. 
Sections were made in 10-um increments. Histologic 
sections were obtained at the same level for both the 
control (left) and experimental (right) vocal folds 
through the membranous vocal folds. The slides were 
stained by hematoxylin and eosin. The laryngeal 
sections were examined. Comparison was made be- 
tween the experimental side and the control side for 
1) evidence of the fat implant, 2) the existence of 
inflammation, and 3) the thickness of the submucosal 
layer. Qualitative histologic changes in Reinke’s 
space were recorded. 


RESULTS 


Operative and Postoperative Findings. AJl the 
animals tolerated the procedure without difficulty. 
The operation lasted from 30 to 60 minutes. The 
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SUMMARY OF SUBGLOTTIC PRESSURE AND FLOW 
RATE AT THRESHOLD OF PERIODIC VOCAL 
FOLD OSCILLATION 


Subglottic Vibration 


Pressure Flow Rate of Vocal 
Specimen (cm H20) (mL/s) Fold 
l 8 240 Yes 
2 12 300 Yes 
3 10 310 Yes 
4 10 220 Yes 
5 9 250 Yes 
6 14 350 Partial 
decrease 


wide-bore operating laryngoscope gave good bin- 
ocular vision for creating the mucosal flap. Although 
the superior aspect of the submucosal pocket was 
easy to create, operating on the undersurface of the 
vocal fold was more arduous and required blunt 
probes and dissectors. A submucosal pocket was, 
however, made in each experiment without diffi- 
culty. The fat implant could be placed easily into the 
submucosal pocket to add bulk to the vocal fold. 
After the fat was implanted, there was a visible bulge 
of the vocal folds medially. A suture was necessary to 
keep the fat from herniating through the incision. The 
endoscopically placed sutures were positioned on the 
superior surface of the vocal folds. Bleeding was 
minimal. The dissection in the submucosal plane was 


able to be used to create submucosal pockets of 


various sizes. In all the specimens, Reinke’s space 
was easily found. Endoscopic fat implantation could 
be performed with existing microinstruments. 


The postoperative courses were uncomplicated. 
None of the animals had difficulty with the airway or 
deglutition, All the animals were noted to have voice 
after the procedure. Because of the technical diffi- 
culty of recording voice in the animal shelter, only 
qualitative impressions of the voice could be taken. 





There was minimal voice change compared to the 
preoperative state after the first week. 


Videostroboscopy Findings, Videostroboscopy re- 
cordings were generated from the excised canine 
preparation. Stable vibration was seen in all the 
specimens. The subglottic pressure threshold neces- 
sary for stable oscillation ranged from 8 to 14cm H20 
(see Table). Prior experience (unpublished data) us- 
ing the same experimental setup in normal canine 
larynges showed thresholds of oscillation at 5 to 10 
cm H20. The induced vocal fold vibration showed a 
vibratory pattern that was remarkably similar to that 
of normal vocal folds. The implanted side showed 
good mucosal amplitude and an intact mucosal wave. 
The implanted side appeared to be slightly thicker 
than the control side, giving the impression of greater 
mass. All the specimens were capable of stable peri- 
odic oscillations. The operated sides had the appear- 
ance of greater mass, but were equal in amplitude, 
mucosal wave, and vibratory capability to the control 
sides. Phase differences were occasionally noted 
between the two sides. The operated side, being 
greater in mass, appeared to have a delay in the phase 
of vocal fold vibration compared to the opposite side. 
In all the preparations, the vocal fold amplitude was 
rated as the same as or greater than that of the 
nonoperated side. However, the degree to which 
apparent mass was added to the vocal folds showed 
considerable variation, which could not be accounted 
for by the size of the surgical implant placed into the 
pocket. Figure | is a series of videostroboscopy 
images for specimen 2, The glottal cycle shows a 
good vibratory amplitude, a symmetric phase of vi- 
bration, and an intact mucosal wave on both the 
control and implanted sides. The implanted side 
(right) has a slightly greater mass than the control 
side. The increased mass of the vocal fold may 
account for the increased subglottic pressure thresh- 


Fig 1. (Specimen 2) Stroboscopic sequences. 
Flow rate was 300 mL/s, subglottic pressure 
was 12 cm H20, and frequency was 82 Hz. 
Implanted side (arrow) has vibratory ampli- 
tude and wave, with some increase in mass. 
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Fig 2. (Specimen 1) Low-power midmembra- 
nous views of both vocal folds. Implanted 
tissue is combination of fat and fibrous tissue 
between arrows. Site of implant is on superior 
aspect of vocal fold. Increase in bulk com- 
pared to control side is seen on this low-power 
view. 


old compared to normal canine larynges. 


Histologic Findings. In all 6 specimens, clearly 
identifiable fat cells or fibrous tissue could be identi- 
fied in the submucosal pocket. The fat component 
was present along the superior surface to the vocal 
fold edge. Figure 2 is a histologic section of both the 
right and left vocal folds in specimen 1. A close-up of 
the viable fat cells in the superior surface of the vocal 
fold is seen on Fig 3. The increase in bulk compared 
to the control side is evident. The finding of fat 
placement on the superior aspect of the vocal fold was 
consistent in all specimens. The amounts of fat and 
fibrous tissue were variable. Figure 4 is a close-up 
view of another specimen showing viable fat cells in 
the submucosal plane. The added fat cells are be- 
tween the vocalis muscle and the vocal fold epithe- 
lium, increasing the thickness of Reinke’s space. 


DISCUSSION 


The use of fat as a soft tissue implant in the larynx 
adds an exciting prospect in the rehabilitation of the 
scarred larynx. Fat augmentation in soft tissue recon- 








struction has a long history. Use of fat in the vocal 
fold as an autologous substitute for soft tissue has 
been proposed,*° The initial experience of fat injec- 
tion was the use of fat as an augmentation substitute 
for Teflon in the rehabilitation of the paralyzed vocal 
fold. Wetmore’ studied fat injection in the rabbit 
model and compared it to fat implantation. He showed 
reabsorption of injected fat over the first year. Al- 
though viable fat was shown histologically, the amount 
was variable. Histologic examination of injected fat 
showed cyst formation indicative of fat cell degen- 
eration. In a study of human patients undergoing fat 
injection for vocal fold paralysis, Zaretsky et al® 
supported the findings of retained viable fat, but 
pointed to the rapid absorption of fat over the first 6 
months after surgery. Fat is believed to be absorbed 
principally because of the processing technique used 
to prepare fat for injection. Fat implantation may 
obviate the need for fat processing and cell necrosis. 
The use of fat implantation has a long history of use 
in facial plastic surgery. Fat implantation has less 
absorption than fat injection. Fat injection versus fat 
implantation was submitted to volumetric and histo- 


Fig 3. (Specimen 1) Close-up view. Colla- 
gen (open arrow) and fibrous tissue sit above 
fat layer (closed arrow), Buccal fat pad in 
dog has variable fibrous and fatty tissue, 
which may explain mixed picture. 
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logic study in the rabbit by Kononas et al,'* who 
found that less reabsorption occurs with implanta- 
tion. 


In rehabilitation of the scarred vocal fold, the stiff 
submucosal plane is devoid of the fluidlike layer in 
Reinke’s space. This stiff layer reduces vocal cord 
vibration and is responsible for the nonvibratory 
segment seen in patients with scarred vocal folds. The 
scar does not participate in vocal fold oscillation. In 
rehabilitation of such a problem, the surgeon has few 
choices at present. Isshiki! describes surgical muco- 
sal grafting in patients who have no vibratory capac- 
ity by thyrotomy, mucosal grafting. tracheostomy. 
and endolaryngeal stenting. Ford? has treated pa- 
tients with vocal fold scarring by collagen injection to 
correct glottic deficiencies. The use of fat as an 
injected material was evaluated by Mikus et al? in a 
canine study. They were able to show the presence of 
viable fat in the submucosal plane in dogs after fat 
injection. However, in the clinical situation, fat injec- 
tion into the submucosal plane is complicated by the 
scarred bed. 


In patients with vocal fold scars, fibrosis would 
make injection of fat into the submucosal layer a 
difficult procedure. Attempted injection of fat into a 
stiff vocal fold may result in fat’s being deposited 
with little predictability: deep into the muscle, into 
the vocal fold ligament, or in other unwanted areas. A 
more predictable solution would be the surgical cre- 
ation of a submucosal pocket by scar lysis followed 
by surgical implantation of fat to recreate the vis- 
. ~coetastic properties of the vocal fold. Our technical 
study evaluated an endoscopic approach for fat im- 
plantation into the canine vocal fold. 


In a search for better autologous substances that 
simulate the viscoelastic properties of the human 
vocal fold, many substances have been tried. Theo- 
retically, the material should be biocompatible and 
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Fig 4. High-power view of viable fat cells 
(arrow) in Reinke’s space. 


simulate the viscoelastic properties of the multilay- 
ered vocal folds. It should also be readily available. 
Fat is a natural substance that is readily available for 
transplantation. Fat is an autologous implant with 
little to no donor site morbidity. It has a long history 
of relative safety in facial plastic and reconstructive 
surgery. The viscoelastic properties of fat are closer 
to those of the fluidlike superficial layers of the vocal 
fold than are those of collagen or Teflon. 


Endoscopic fat implantation in the vocal fold has 
not been done in humans. Wexler et al,’ in a study of 
vocal fold scarring in the dog, showed conclusively 
that the scarred vocal fold failed to vibrate with the 
same subglottic pressure threshold and the same 
vibratory characteristics as in control animal models. 
The vibration was characterized by aperiodicity, high 
subglottic pressure, and reduced glottic efficiency. 
Further, the researchers showed that fat implanted 
into the vocal folds was able to reduce the subglottic 
pressure needed to set the vocal folds into stable 
periodic oscillation. The fat survival in Reinke’s lay- 
er was carefully documented. 


The advantages of fat implantation over fat injec- 
tion are threefold. First, creation of a pocket allows 
the surgeon to lyse the scar and precisely place the 
implant where it is most needed, ie, near the vocal 
fold edge, rather than deep into the vocalis or vocal 
ligament. Second, the fat can be harvested and placed 
as a Single implant without needing to be crushed. 
This should reduce fat cell lysis and necrosis. Third, 
the single implant should be able to create a single- 
layer, pliable fat cushion that is softer than the origi- 
nal scar, yet is a complete, uniform layer. A single, 
uniform layer of fat should be better than multiple 
droplets of fat cells injected into the area. 


The disadvantages of fat implantation by the open 
laryngotomy approach are its technical difficulty and 
the need for thyrotomy. Open procedures require 
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tracheostomy, laryngofissure, and prolonged hospi- 
talization. Many of these disadvantages may be obvi- 
ated by an endoscopic approach, as attempted in this 
study. 

This study, using endoscopic techniques, resulted 
in findings similar to those of Wexler et al. The 
implanted fat added bulk and mass to the vocal fold, 
but continued to be pliable and participate in vocal 
fold oscillation. The conclusions from this study are 
1) fat and fibrous tissue can be successfully placed 
into the Reinke’s layer by an endoscopic technique, 
2) survival of the fat and fibrous tissue was docu- 
mented at 6 weeks after surgery on histologic section, 
3) stroboscopic findings after fat implantation show 
improved tissue bulk, and 4) the vibratory capabili- 
ties of the vocal folds augmented by fat implants were 


comparable to those of the control side. If the goal of 


surgery for vocal fold scarring is the restoration of 
compliant vocal folds capable of oscillation, the use 
of fat implanted in the vocal fold cover should satisfy 
this need. 

This study of fat survival after endoscopic fat 
implantation should be considered preliminary. The 
technical aspects of endoscopic fat implantation have 
been addressed only partially by this study. The 
presence of fat survival at 6 weeks is encouraging. 
However, whether fat survival will persist and con- 
tinue to augment the vocal fold cover after the initial 
6 weeks is not clear. Longer survival studies should 
be done. The presence of fibrosis in the histologic 
specimens suggests that either the buccal fat pad in 
the dog is not a good source for fat, or there is some 
fat absorption in the implant site, with fat being 
converted into autologous collagen. The animal model 
used was not a scarred laryngeal model. Because of 
the technical aspects of developing new techniques 
for fat implantation, no attempt was made to simulate 
scarred vocal fold conditions as done by Wexler et 
al.8 


The technical aspects of creation of an optimal flap 
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to receive the fat have not been addressed. In the 
canine experiments, the fat was limited to the supe- 
rior and medial edges of the vocal fold. The un- 
dersurface of the vocal folds did not receive the 
implants. Where the fat should be placed to achieve 
optimal vibration is not clear. Whether the fat should 
be placed on the undersurface, the free vocal fold 
edge, the superior edge, or a combination of al! is not 
certain. This will need to be further studied. This 
study did not quantify the amount of fat absorption 
after implantation, because of the variations in speci- 
men size and the difficulty of volumetric studies. A 
statistical analysis based on volumetric studies from 
serial sections would be ideal. 


Despite these limitations, the further development 
of a practical endoscopic approach to the scarred 
vocal fold should allow the phonosurgeon more op- 
tions in the treatment of the postoperatively dysphon- 
ic patient. Fat implantation, mucosal grafting, and 
scar revision, if it can be done endoscopically, should 
advance the current treatment options for the scarred 
vocal fold. The histologic and stroboscopic results 
from this preliminary study are encouraging. Al- 
though further work is needed to determine the opti- 
mal site of fat implantation, we believe fat implanta- 
tion into the lamina propria of the vocal folds is a 
feasible approach. Further studies are needed to docu- 
ment the surgical validity of fat in a scarred animal 
model. 


In summary, we have used an endoscopic ap- 
proach for fat implantation and augmentation of the 
canine vocal fold. Endoscopic evaluation, strobo- 
scopic assessment of vibratory function, and histo- 
logic examination show retention of bulk and vibra- 
tory behavior. The placement of fat into Reinke’s 
space serves as an autologous implant for restoration 
of Reinke’s layer. These encouraging results suggest 
that fat implantation via the endoscopic approach 
may be feasible in the human for rehabilitation of the 
scarred vocal fold. 
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INNER EAR DAMAGE IN TORP-OPERATED EARS: EXPERIMENTAL 
STUDY ON DANGER FROM ENVIRONMENTAL AIR PRESSURE 
CHANGES 


HANS WILHELM PAU, MD 
ROSTOCK, GERMANY 


In some cases of sudden inner ear hearing loss in ears with a total ossicular replacement prosthesis, the prosthesis has been found 
to be penetrating the footplate. Some authors have assumed an external pressure increase for this event. In this study 1 tried to 
estimate experimentally the pressure needed for perforating a normal footplate in a temporal bone model. From the data | concluded 
that “cracking” the footplate can hardly be due to 1 major event of increased pressure. On the other hand, different mechanisms 
making the footplate a “weak spot” must be discussed and further investigated, In those cases, secondary to thinned or even perfo- 


rated footplates, environmental pressure changes may be dangerous. 


KEY WORDS — external pressure, footplate perforation, inner ear damage, total ossicular replacement prosthesis. 


INTRODUCTION 


Like some other ear surgeons! (also D. Plester, 
unpublished observations), I have seen penetrations 
of total ossicular replacement prostheses (TORPs) 
through the stapes footplate into the vestibulum as a 
cause of severe inner ear hearing loss. Fortunately, 
these events are very rare. Among others, Fisch! pos- 
tulated poor eustachian tube function to be respon- 
sible. In this theory, environmental pressure changes 
cannot be equalized, or negative pressures in the mid- 
dle ear due to impaired tube function “press” the tip 
of the prosthesis against the footplate and finally 
break it. 


This danger, if real, would be important in advis- 
ing the patient how to behave after surgery — hence, 
the focus of the present study. Do pressure changes 
mean a danger for the footplate in an operated ear 
with a TORP? 


For estimating pressures needed to break the foot- 
plate, experiments were performed in fresh human 
temporal bones. From former investigations,* I knew 
that environmental pressure changes are much more 
easily conducted toward the footplate in “TORP ears” 
than in normal ears (by more than a factor of 10). 
This is not only due to the smaller connection area 
between the TORP and the footplate, compared to 
the normal stapes. In a normal ear, changes in the 
“static” pressure with inward and outward displace- 
ment of the tympanic membrane are not totally con- 
ducted to the footplate, but are damped by move- 
ments in the malleo-incudal joint.*5 In TORP ears, 





this damping mechanism is missing. The experiments 
were designed with these facts in mind. 


MATERIAL AND METHODS 


Studies were carried out on 15 fresh human tempo- 
ral bones. In 10 of them, I removed the middle and 
inner ear to a degree that the stapes footplate was 
exposed from both sides (Figs 1 and 2). A “TORP- 
like” piston (Fig 2; 0.56 mm? in dimension) could 
be moved by pressure in a smooth-moving glass sy- 
ringe, which was connected to a pump. Simultane- 
ously, pressure was registered (Figs 2 and 3). The 
TORP just touched the footplate when pressure was 
increased. Perforation of the footplate could either 
be visualized directly (Fig 4) or registered as a sud- 
den loss of pressure on a time-pressure diagram (Fig 
3A). In another 5 specimens only the tympanic mem- 
branes and ossicular chains were removed (stapes 





Fig 1. Stapes footplate exposed from vestibular side of 
temporal bone. 
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superstructure cut with crurotomy scissors). After the 
specimen was placed straight on a digital balance, a 
TORP (Richards; centered TORP with 0.84-mm-di- 
ameter shaft) was gently pushed toward the inner ear 
(Fig 5). Of course, the Figures only demonstrate the 
principle. In actuality, the TORP was introduced with 
an operating microscope and tympanoplasty instru- 
ments were used to apply pressure on the footplate. 
Correct placement of the TORP and breaking of the 
footplate could thus be watched (Fig 6). The corre- 
sponding weight was recorded, from which force and 
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Fig 2. Experimental setup for estimating pres- 
sures needed to break exposed footplate, 


pressure could be calculated, 


RESULTS 

Figure 3B demonstrates the measured pressures 
needed for breaking the footplate in our first series. 
The pressure seemed to be very high (factor 10° deca- 
pascals [daPa]), only because of the small area of 
force application. Corresponding weights were cal- 
culated to be in a range of about 100 g. 

Characteristically, the footplate always broke in a 
straight line crosswise to its largest diameter. The 
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Fig 3. Diagrams of pressure (daPa x 10°) and weight (g). A) 
Increasing pressure on TORP head until breaking of footplate 
(arrow). B) Pressures for breaking footplate in series 1. C) 
Weight for breaking footplate in series 2. 
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Fig 4. TORP breaking footplate. 


second series (Fig 3C) confirmed the calculations of 


the first series by only measuring the weight on the 
digital balance: about 100 g. 


DISCUSSION 


Every ear surgeon doing stapedotomies may have 


Fig 5. Principle of second device 
for estimating weight on foot- 
plate. Temporal bone is mounted 
on digital balance. A) Placing 
TORP on footplate. B) Breaking 
footplate by pushing TORP in- 
ward. 


an idea about the force he or she would need to use 
to push a TORP through a footplate. In this experi- 
ment I wanted to obtain data in normal ears. The pres- 
sure at first view seems to be very high. I did 2 ex- 
perimental series with different designs (even with 
the different diameters of the TORPs), because at 
first I thought the pressures of the initial series were 
too high. The second series, however, confirmed these 
results, even with the increased diameter of the TORP. 
The calculated weight put on the prosthesis head in 
the first series was no more than about 100 g. This 
could very easily be proven with the second experi- 
mental design, when the actual weight on the bal- 
ance was registered. 


That 100 g could easily be reached if the tympanic 
membrane (with the TORP) performed an inward- 
outward movement like a piston. Actually, the mem- 
brane does not. Flisberg et al® found that if environ- 
mental pressure is raised to 130 daPa, about 60% of 
the possibility of inward movement is reached. In 
former experiments* we had measured the pressure 
at the tip of the TORP in correlation to the steadily 
increased pressure in the external ear canal. Some of 
the results of those experiments are as follows. With 
the pressure increase at the TORP’s tip while raising 
the external pressure from 0 to 100 daPa considered 
as 1, between 100 and 200 daPa, it is only 0.6, be 
tween 200 and 300 daPa it is 0.5, and between 300 
and 400 daPa it is only 0.1. There is clear evidence 
that above 400 or 500 daPa the tympanic membrane 
becomes stiffer and does not transduce static pres- 
sures any more until it ruptures. This means that the 
tympanic membrane protects the inner ear from ex 
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cessively high pressures such as those transduced by 
a TORP. Thus, breaking of the footplate by | pres- 
sure-dependent event is very unlikely. 


Another indication is the shape of the perforation. 
In contrast to the experimental cracks within the foot- 
plate, the perforations found in vivo are round. This 
indicates a different origin. 


Of course, long-lasting low pressure may cause 
structural changes within the middle ear. The tympan- 
ic membrane may be thinned, either by negative pres- 
sure itself or by resulting effusions. In middle ear 
effusions, very often high concentrations of protein- 
ases can be found, destroying the collagen fibers of 
the tympanic membrane’ or even the ossicles. In par- 
ticular, the long process of the incus may be thinned 
or be lost. In atelectatic ears, almost all parts of the 
middle ear can be thinned, eroded, or weakened. Why 
not the footplate? 


The answer is not easy. It is well known that this 
part — embryologically derived from Reichert’s car- 
tilage — reacts somewhat differently. There are many 
similarities to reactions of the otic capsule. The foot- 
plate seems to be more resistant to infection or de- 
struction by, for example, cholesteatomas. In our 
studies in Wittmaack’s temporal bone collection in 
Hamburg, we very often saw completely intact foot- 
plates, even in cases of entirely destroyed ossicular 





Fig 6. TORP on footplate, seen 
through operating microscope. A) 
Needle pushing on TORP’s head. 
B) TORP perforating footplate. 


chains. There may be a broad layer of connective 
tissue, but never a perforation or even thinning of 
this structure. The behavior similar to the otic cap- 
sule is stressed by the fact that both bony parts do 
not form a callus after breaking. Those lines are only 
closed by connective tissue. So, actually, the stapes 
footplate is something special within the ossicular 
chain (most parts of which are embryologically de- 
rived from Meckel’s cartilage). 


Although I consider it unlikely, the effect of con- 
tinuous mechanical irritation could be discussed. One 
could think of the prosthesis “hammering” against 
the footplate, causing bone resorption and making it 
into a “weak spot.” On the other hand, pressures are 
extremely low, and — more important — experi- 
ments have shown connective tissue at the TORP- 
footplate interface.?'” 


To me, it seems more likely that foreign body re- 
actions may be a rare but existing problem, at least 
in some materials!! used for modeling a TORP. It 
may be that in an unknown number of patients, “weak 
spots” in the footplace or even perforations sealed 
by connective tissue mucosa or endosteum already 
exist. Supposing this theory, changes of environmen- 
tal pressure or negative middle ear pressure due to 
tube dysfunction might achieve a more important role 
in the “perforation theory,” causing inner ear dam- 


age. 
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From the present theory I would recommend that 
patients with a TORP should avoid highly pressure- 
increasing situations like diving and flying (especial- 
ly during upper airway infections). 


In most airplanes, cabin pressure during flight is 
kept in a range of about that at 2,000 m above sea 
level. Assuming a totally closed middle ear with no 
pressure equalization via the eustachian tube, while 
landing, theoretically more than —2,000 daPa could 
result. The same is true for diving 2 m deep. Actu- 
ally, the pressure difference is diminished by an in- 
ward movement of the tympanic membrane, thicken- 
ing of the mucous lining by vascular dilation, or a 
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change in middle ear gas composition (rapid diffu- 
sion of carbon dioxide into the middle ear cavities!2), 
However, if negative pressure exceeds —1,300 to 
—19,500 daPa, the tympanic membrane will rupture 
— of course, depending on the condition of the mem- 
brane. In any case, as long as “weak spots” of the 
footplate cannot totally be excluded, high-pressure— 
increasing situations should be avoided. 


The future may show how often inner ear damage 
occurs and how an ideal prosthesis should be con- 
figured. In order to increase our knowledge about 
morphology in such cases, further studies are being 
conducted on animal models, mainly minipigs. 
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Differences in the gas partial pressures between the middle ear (ME) cavity and the blood are an important factor in ME gas 
economy. Differences in gas partial pressures between various regions of the ME—mastoid air cell system (ME-MACS) could play a 
role as well. To determine whether gas partial pressure differences do occur between various compartments in the ME, we measured 
the rate of gas diffusion from one compartment to another in both an artificial model and in the ME-MACS of human temporal 
bones. The rate of gas diffusion between various areas of the ME and the mastoid tip was found to be rapid, with a half-life on the 
order of 2 minutes (range 0.8 to 5.3 minutes). We suggest that this high diffusion rate prevents the buildup of significant differences 
in gas composition in the ME-MACS system, which can therefore be regarded as a homogeneous gas pocket. 


KEY WORDS — chronic otitis media, diffusion of gases, mastoid, middle ear gases, middle ear pressure, partial pressure. 


INTRODUCTION 


Our current understanding of gas pressure dynam- 
ics in the middle ear (ME)—mastoid air cell system 
(MACS) includes an assumption that under normal 
physiological conditions there is continuous absorp- 
tion of gas, mainly nitrogen (N2) and oxygen (02), 
from this cavity into the blood. The opening of the 
eustachian tube that occurs during swallowing, yawn- 
ing, etc, compensates for this loss by introducing gas 
from the nasopharynx into the ME cavity.'* 


The impetus for gas exchange between the ME 
and the blood is the difference in the partial pres- 
sures of gases between these 2 locations.*° The to- 
tal pressure is the sum of the gas partial pressures: 
differences in gas partial pressures between the ME 
and the MACS may influence gas exchange rates, 
and consequently affect the total pressures of the sys- 
tem. Since the mastoid is a labyrinth, its internal cel- 
lular structure might be expected to attenuate the rate 
of diffusion and redistribution of gases in the ME- 
MACS after a compositional upset in one region, A 
lag in gas diffusion and redistribution could cause 
pressure differentials in the system that may possi- 
bly be clinically significant. To determine whether 
gas partial pressure differences do occur between var- 
ious compartments in the ME-MACS, we measured 
the rate of gas diffusion from one compartment to 
another, in both an artificial model and in human tem- 
poral bones. 


MATERIALS AND METHODS 

Artificial Model. To examine gas diffusion rates 
in a model, a 20-mL plastic syringe was divided into 
2 cells by a partition (Fig |). A4-mm opening in the 
partition could be closed and opened by means of a 
metallic cover operated by an external magnet. Two 
50-mm lengths of polyethylene tubing, | mm in in- 
ner diameter, permitted the introduction of a gas mix- 
ture into cell I. Probes were connected to cell H for 
measurement of pressure, temperature, and gas con- 
centrations. 


Initially, cell II contained room air, while cell I 
was filled with a mixture resembling the steady-state 
composition of gas in the ME: 81.39% N2, 9.37% 


thermocouple 








pressure transducer 


mass spectrometer 
catheter 


gas out 


Fig 1. Model for gas diffusion, Twenty-milliliter syringe 
was divided into 2 cells by partition. Gas mixture was 
introduced into cell I through polyethylene inlet and out- 
let tubes. Cellular material was contained in cell H, which 
was connected to mass spectrometer, thermocouple, and 
pressure transducer. Partition had opening closed with me- 
tallic cover that could be opened with external magnet. 
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2.5 ml syringe 


connected to 
external meatus 










mass 
spectrometer 


pressure transducer 
A thermocouple B 
Fig 2. Gas diffusion measurements in mastoid bone. A) Bone with 2.5-mL syringe connected to external 
auditory canal. There were 2 openings in mastoid tip, 1 for mass spectrometer and other for pressure trans- 
ducer and thermocouple. B) Syringe (2.5 mL) served as chamber for introduction of gas mixture into middle 
ear. Like that in Fig 1, it was divided into 2 cells by partition; metallic cover over opening between cells could 
be opened with external magnet. Cell II was hollow cylinder connected to external auditory canal. Cell I was 
used for introduction of another gas mixture via polyethylene inlet and outlet tubes. 
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carbon dioxide (CO2), 8.17% 02, and 1.07% argon 
(Ar). After a 7-minute wash with this gas mixture, 
all air in cell I was considered to have been replaced, 
and both tube inlets were sealed. The partition sepa- 
rating the 2 cells was then opened. The changes in 
gas composition in the combined cells over time were 
recorded until the mass spectrometer indicated that 
a steady state had been reached. Diffusion time was 
defined as the period elapsed between the opening 
of the partition and the first reading of a gas compo- 
sition that remained constant. These measurements 
were repeated at volumes of 5, 10, and 15 mL. 


To simulate the internal structure of the MACS, 
the experiment was also done with cellular material 
filling cell II. Organic and synthetic types of sponge 
were used: the dried skeleton of a marine sponge, 
and a flexible polyurethane spongy material, respec- 
tively. Both of these had an interconnected open cel- 
lular network, with cell sizes ranging from 0.5 to 3 
mm. Gas partial pressure changes recorded with ei- 
ther spongy material in the syringe were compared 
with those recorded in their absence. 


The model served as a control for the system re- 
sponse time, and was used as a baseline against which 
the temporal bone results could be evaluated. 


Bone Selection and Preparation. In view of the dif- 
ficulty of performing such a study in vivo, we used 
8 human temporal bones in various stages of preser- 
vation, categorized as dry, wet, or fresh, as described 
below. The structure of the MACS (aerated, diploic, 
or sclerotic) of each bone was analyzed with a Schul- 
ler position radiograph. 


The 6 dry bones had been preserved in formalde- 
hyde solution. Their soft tissues were removed with 


hypochloric sodium solution, and they were dried 
by being washed with alcohol. The external surfaces 
of these bones were then sealed with a coat of lac- 
quer (collodion). Certain areas were also sealed with 
epoxy resin. Sealing was repeated until no leakage 
between the mastoid-ME cavity and the atmosphere 
could be detected. Leakage was tested by raising the 
pressure inside the bone and looking for a drift in 
pressure with time. , 


One wet bone, still lined with its internal mucous 
membrane, was used as a “pilot” for the fresh bone 
measurements, also taken under wet conditions. Free 
fluid was drained from a preserved bone, which was 
then sealed with a coating of silicone RTV (room 
temperature vulcanization). 


One fresh temporal bone was taken from a cadaver 
3 hours after death. (Access to human bones for re- 
search is very limited in Israel.) This bone was also 
sealed externally with silicone RTV, with no other 
treatment. 


Bone Setup. A 2.5-mL syringe was connected to 
the external auditory canal (Fig 2) for the introduc- 
tion of gas mixtures into the ME. Like the model, 
this syringe was also divided into 2 cells by a rigid 
partition, which had a relatively wide (5 mm) open- 
ing in it. Cell I (1 mL), distal to the bone, was set up 
similarly to that in the artificial model. Cell IT was 
connected directly to the external auditory canal, with 
a wide (8 to 9 mm) opening. Therefore, when the 
partition was opened, cell I and the ME effectively 
became a single cavity. Thus, we regarded the diffu- 
sion rate between cell I and the tip of the mastoid as 
the same as that expected to occur between the ME 
and the mastoid. 
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TABLE 1. GAS DIFFUSION RATE CONSTANTS 




















IN MODEL 
Without Cellular With Cellular 
Material Material 
Volume k T12 k T1/2 
of Model (min) (min) (min) (min) 
SmL 0.42 1.6 0.41 1.6 
10 mL 0.45 1.5 0.44 1.6 
15 mL 0.46 1.5 0.49 1.4 


Data are averages of 3 readings. 
k — diffusion rate constant; T1/2 — diffusion half-life. 





Two openings 2 mm in diameter were drilled into 
the cortical bone adjacent to the mastoid tip (Fig 2A), 
through which the measuring probes of the mass spec- 
trometer, the thermocouple, and the pressure trans- 
ducer were inserted. Before each run, we checked 
the system for leakage by looking for pressure drift. 


Diffusion Rate Measurement. The experiment was 
started by filling the mastoid, the ME, and cell II 
with gas, either N2 or Ar. The partition between the 
cells in the syringe was then closed. Cell I was then 
flushed with O2 (if cell II held N2) or N2 Gf cell II 
contained Ar), following which the tubes were closed. 
At this stage, we had a closed system with 2 sepa- 
rate cavities: cell I with one gas; and the mastoid, 
ME, and cell II with another gas (O2-N2 or N2-Ar). 
The next step was to use a magnet to open the parti- 

. tion between the cells, and record the rate and pat- 
tern of the gas composition changes with time. The 
diffusion process was followed from the opening of 
the partition until the gas concentrations reached a 
steady state, as measured at the tip of the mastoid. 


The 2 gas combinations (02-N2 and N2-Ar) were 
chosen so that at the end of the diffusion process, 
the gas components would resemble those in the ME 
under normal conditions, and would be similar to 
the calibration gas concentrations — to increase the 
accuracy of readings of gas partial pressures. 


In the O02-N2 combination, partial pressures of both 
gases were recorded. Therefore, data presented for 
O2 are of its diffusion rate into N2 and vice versa. In 
the N2-Ar experiment, for technical reasons the mass 
spectrometer was calibrated only with Ar; therefore, 
only Ar concentrations were recorded. 


Two other processes were used as controls. One 
was the response time of our measuring system. The 
probe of the spectrometer was inserted into a vessel 
of known gas composition (calibration gas), and par- 
tial pressure changes from room air levels were re- 
corded until a plateau of calibrating gas composition 
had been reached. The second reference process, as 
mentioned, was the diffusion rate of gas in the artifi- 
cial model. 


Measuring Techniques. An Amis 2000 mass spec- 
trometer (Innovision, Odense, Denmark) was used 
for gas composition measurements, at a sampling rate 
of 2 x 10-6 mL/s. The response time reported by the 
manufacturer is 20 to 40 seconds. The mass spec- 
trometer was calibrated before and after each experi- 
ment. 


Pressure and temperature readings were taken con- 
tinuously. Pressure measurements were made with a 
Validyne DP-103 pressure transducer (accuracy 
0.02%) and confirmed with a U-tube water manome- 
ter. Temperature was monitored with a copper-con- 
stantan thermocouple (Ellab, Copenhagen, Denmark; 
accurate to +0.1°C). 


Data Evaluation. The change of gas concentra- 
tion with time had an exponential pattern, best de- 
scribed by a monoexponential equation: C = Coo(1 — 
ekt) + Co where C is the concentration of the gas at a 
given time (t, in minutes), e is the natural logarithm, 
and k is the rate constant (in minutes!) in which we 
are interested. The half-life of this diffusion process, 
T1/2, can be calculated as In2/k. 


The correlation r? between the measured data and 
the exponential fitted line was calculated with 
SIMFIT software (courtesy of Dr Bardeley, Universi- 
ty of Manchester, England). Correlations of the rate 
constants of the different gases and the different types 
of bones were calculated by the Kruskal-Wallis non- 
parametric technique, using SAS software (SAS In- 
stitute, Inc, Cary, NC). A p value of <.05 was consid- 
ered significant. 


RESULTS 


Gas Diffusion Rates in Model. The average gas 
diffusion rate constant (k) between the 2 cells in the 
model was 0.45 min! for all gases (Table 1). The 
average T1/2 was 1.5 minutes. Neither varying the 
volume of the model nor the presence or absence of 
spongy material had any significant effect on the rate 
of equalization of gas composition. 


Gas Diffusion Rates in Temporal Bones. Figure 3 
shows the typical exponential shape of a recording 
of gas diffusion between the mastoid and the ME. 
The correlation constant, r2, between measured data 
and those calculated from the exponential fitted line 
was .96 to .99 in the O2-N2 experiments and .92 to 
.99 in the N2-Ar measurements (Table 2). 


In the O2-N2 experiments, the gas diffusion rate 
constant for oxygen (k02) in the 6 dry bones varied 
from 0.31 to 0.60 min`}, with an average (+1 SD) of 
0.40 + 0.1 min` (Table 2). This gives an average 
T1/2 of 1.80 + 0.4 minutes, with a range of 1.1 to 2.2 
minutes. The diffusion rate of the wet bone (T1/2, 
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Calculated value from 
the exponential fitted line 
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“0.0 Zs s0 75 10.0 
Time (min) 
Fig 3. Diffusion rate. Typical recording, with exponen- 


tial shape, of gas diffusion (oxygen, in this case) between 
middle ear and mastoid. 


5.3 minutes), though somewhat slower, was not sig- 
nificantly different from that of the fresh or dry bones 
(p > .05). 


With the exception of that for the fresh bone, the 
diffusion rate constants calculated for nitrogen were 
similar to those for O2 in all O2-N2 experiments (p 
> .05). The slower N2 diffusion rate constants of the 
wet (T1/2, 4.1 minutes) and fresh (T1/2, 2.8 minutes) 
bones did not differ significantly from the rates of 
the dry bones (average T1/2, 1.95 + 0.4 minutes; p > 
.05). 


In the experiment of argon diffusing into N2, kAr 
values were similar to those of O2 into N2. In the 
fresh bone, however, Ar, like N2, had a slower diffu- 
sion rate, with a T1/2 of 3.1 (2.8 for N2), compared 
to 1.4 minutes for O2. 


Two of the dry bones had a sclerotic type of mas- 
toid, whereas all 6 of the other bones had a well- 


developed MACS. This was demonstrated by imag- 
ing and verified when we drilled the openings in the 
bones for the measuring probes. One of the 2 sclerotic 
bones (No. 1) exhibited the fastest diffusion rates 
(Table:2). 


No significant statistical difference was found be- 
tween the k values of the dry aerated, dry sclerotic, 
wet, or fresh bones (p > .05), nor between k values 
of the various gases (02, N2, and Ar). 


Correction of the results for variations in tempera- 
ture resulted in only minor changes, on the order of 
0.1% or less. 


Control Rates. The T1/2 of the calibration measure- 
ments was 0.5 to 1.2 minutes, and averaged 1.5 min- 
utes in the model. 


DISCUSSION 


The role of the MACS is not well understood. Pos- 
sible functions include physical defense for the in- 
ner ear and the brain’ and a resonance box for specif- 
ic frequencies.’ It is accepted that an association ex- 
ists between a small MACS and the chronic otitis 
media syndrome,®!2 and that there is a linkage be- 
tween these various disease entities and negative 
pressure development in the ME-MACS.!5.10 Dif- 
fusion of gas between the ME cavity and the blood, 
like the introduction of gas through the eustachian 
tube, is a major factor in the pressure dynamics of 
the ME.46:13 


We studied partial pressure distribution within the 
ME-MACS by measuring the rate at which gases 
diffuse between these 2 compartments. The ques- 
tion posed was, how will a change of partial pres- 
sure in one location affect that in a nearby location? 
For example, would a change in the diffusion proper- 


TABLE 2. GAS DIFFUSION RATE CONSTANTS IN MIDDLE EAR—MASTOID AIR CELL SYSTEM 























Oxygen Nitrogen Argon 
k Tın k T12 k T12 
(min!) (min) r? {min} (min) r? (min~) (min) re 
Dry bones 
1* 0.60 1.1 .98 0.49 1.4 .96 0.80 0.8 .92 
2 0.32 2.1 97 0.32 2.1 .96 0.45 1.5 99 
3* à 0.36 1.9 .98 0.34 2.0 .97 0.30 2.3 .96 
4 0.36 1.9 .98 0.41 1.7 .97 0.32 2.1 .94 
5 0.42 1.6 -98 0.37 1.9 .98 0.36 1.9 .98 
6 0.31 2.2 .99 0.26 2.6 .97 0.24 2.8 .99 
Average 0.40 1.80 0.37 1.95 0.41 1.90 
SD 0.1 0.4 0.1 04 0.2 0.6 
Wet bone 0.13 5.3 99 0.17 4.1 99 0.17 4.1 29 
Fresh bone 0.56 1.4 -99 0.25 2.8 .98 0.22 3.1 -99 


Data are averages of 2 readings. 


k — diffusion rate constant; T1/2 — diffusion half-life; r? — correlation coefficient. 


*Bones | and 3 were sclerotic; all others had aerated structure. 
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ties of the ME mucosal linings during infection af- 
fect the partial pressure in the mastoid? Our work- 
ing hypothesis was that if a rapid diffusion rate were 
to be found, partial pressures throughout the ME- 
MACS would equalize rapidly after an upset in one 
part, resulting in the rapid reestablishment of a uni- 
form gas composition throughout the system. 


In the 6 dry bones, the T1/2 for the diffusion of O2 
between the ME and the MACS ranged from 1.1 to 
2.2 minutes. The T1/2 for N2 and Ar were similar 
(N2, 1.4 to 2.6 minutes; Ar, 0.8 to 2.8 minutes). The 
wet bone had a slower diffusion rate (T1/2, 5.3 min- 
utes for O2, 4.1 minutes for both N2 and Ar). The 
fresh bone had a T1/2 of 1.4, 2.8, and 3.1 minutes for 
02, N2, and Ar, respectively. The slower rate in the 
wet bone can be explained by the solubility of these 
gases in water, which would slow the gas mixing 
process in the cavity (a chromatography-like effect). 
Even though the diffusion process in the wet bones 
was slower than in the dry bones, this difference was 
not statistically significant, and the overall picture 
is of a diffusion process with a T1/2 on the order of 
only 2 to 3 minutes. Because of the small number of 
bones available to us, no conclusions could be drawn 
about the extent to which diffusion rates are affected 
by the volume or morphology of the bone. 


Do the diffusion rates we have found hold any 
physiological or clinical significance? Of our 2 con- 
trol measurements taken for comparison with the 
temporal bone results, the T1/2 values ranged from 
0.5 to 1.2 minutes (the response time of our measur- 
ing system) or averaged 1.5 minutes (the diffusion 
rate in the model). The averages of. the T1/2 values 
measured within the human ME-MACS were of a 
similar order. 


On the basis of these results, it can be concluded 





that the diffusion process between the ME and the 
MACS is quick and within the range of the response 
time of our measuring system. Thus, no significant 
gas pressure differences are likely to build up be- 
tween the ME and the MACS, and this system can 
therefore be regarded as 1 chamber with a homogene- 
ous gas concentration. 


Several conditions could produce a differential in 
gas partial pressures in various regions of the ME- 
MACS complex. These include inflammatory condi- 
tions, which may influence the rate of gas exchange 


‘between the ME cavity and the blood or partially 


obstruct the aditus, isolating the mastoid. A perfora- 
tion in the tympanic membrane, either in cases of 
chronic otitis media or in the presence of a ventilat- 
ing tube,!4 is another possibility. However, we could 
find no data in the literature indicating that differenc- 
es in partial pressures of the gases in the ME-MACS 
occur. In view of the fast diffusion rates between the 
ME and the MACS that we found, we propose that 
if compositional differences in the gases within these 
cavities do occur, they can be expected to be tran- 
sient and therefore have little or no clinical signifi- 
cance. 


In our study, 6 of the 8 bones had no mucosal lin- 
ing. Under physiological conditions, in the presence 
of a mucosal lining, the connections between the 
mastoid cells might be narrower and the diffusion 
rate slower. As the diffusion rates of fresh bones with 
intact mucosal membranes were not significantly 
slower than those of the dry bones, we suggest that 
the ME-MACS complex under in vivo conditions 
also has a uniform profile of gas partial pressures. 
However, because of the very limited number of fresh 
bones available to us, this point warrants further ex- 
amination. 
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INFLAMMATORY RESPONSE TO CHRONIC OTITIS MEDIA 
IN DIGEORGE SYNDROME: A CASE STUDY USING 
IMMUNOHISTOCHEMISTRY ON ARCHIVAL 
TEMPORAL BONE SECTIONS 


TETSUYA GANBO, MD, DMSC 


TOKYO, JAPAN 


ISAMU SANDO, MD, DMSc CAREY D. BALABAN, PHD 
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Immunohistochemical analyses were conducted on archival celloidin-embedded human temporal bone sections from an 8- 
month-old boy with chronic otitis media and DiGeorge syndrome. We employed antigen retrieval methods with saturated sodium 
hydroxide—methanol solution, microwave incubation, and proteolytic treatment to demonstrate the distribution of T-lymphocytes, 
B-lymphocytes. macrophages, and intercellular adhesion molecule | (ICAM-1) expression in the middle ear. B-lymphocytes and 
macrophages were observed predominantly within the middle ear mucosa. T-lymphocytes were rare. Further, ICAM-1 was ex- 
pressed in the vascular endothelium of the lamina propria, as well as infiltrating mononuclear cells. This suggests that the expression 
of ICAM-1 can be induced in the middle ear with otitis media, even if T-lymphocytes are depressed in a cell-mediated immunode- 
ficiency disorder such as DiGeorge syndrome. 


KEY WORDS — DiGeorge syndrome, inflammation, intercellular adhesion molecule 1. lymphocyte. macrophage, otitis media, 


INTRODUCTION We recently described the distribution of T-lym- 
phocytes, B-lymphocytes, and macrophages in the 
middle ear of a patient with normal immune func- 
tion and acute otitis media. Patients with DiGeorge 
syndrome, though, are susceptible to viral and bac- 


DiGeorge syndrome (also termed pharyngeal 
pouch syndrome or thymic aplasia or hypoplasia) is 
a congenital developmental anomaly of the third and 
fourth pharyngeal pouches. Recent evidence suggests 
that these developmental malformations are associ- 
ated with microdeletion of a 250 kilobase critical 
region of 22q11, N25 (in the vicinity of D22S75)!; 
deletions of 1 Op (at the 10p13/10p14 boundary) have 
also been implicated in these individuals.* DiGeorge 
syndrome is characterized by hypoplasia or aplasia 
of the thymus and parathyroid glands, and is often 
associated with malformations of the great vessels, 
congenital heart disease, and esophageal atresia.*4 
In addition, there is also a tendency for hypertelorism, 
a short philtrum, an antimongoloid slant of the eyes, 
a bifid uvula, and low-set, often notched ears.*-’ The 
degree of immunodeficiency and the susceptibility 
to hypocalcemic seizures appear to reflect the de- 





gree of thymic and parathyroid hypoplasia n each Fig 1. Right temporal bone demonstrating hypoplastic 
patient.™* Further, temporal bone histopathologic cristae and ampulla of superior semicircular canal. Also 
studies have revealed cochlear malformations, which note obtuse angle formed by first genu portion of facial 
were observed in the present case (Fig 1), and vestib- nerve: C — cochlea, FNLa — labyrinthine postion of 

; = À facial nerve. FNTy — tympanic portion of facial nerve, 
ular system anomalies, as well as an anomalous fa- SSC — superior semicircular canal, asterisk — enlarged 
cial nerve course.®-!? ampulla, arrow — dislocated and distorted crista. 
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HEMATOLOGY 
Normal 
Reference 
Values 
Basic blood 
Red blood cells (x10!?/L) 5.90 3.60-5.20 
White blood cells (x10°/L) 11.0 5.5-18.0 
Neutrophils (%) 45 20-46 
Lymphocytes (%) 37 41-71 
Monocytes (%) 12 3-9 
Eosinophils (%) 0 0-3 
Basophils (%) 0 0-2 
Atypical lymphocytes (%) 6 0-2 
Histocompatibility 
T-lymphocytes (T cells) (%) <27 53-83 
Suppressor T cells (CD8) (%) 19 17-41 
Helper T cells (CD4) (%) 18 26-58 
Helper/suppressor ratio 0.95 0.80-3.00 
B-lymphocytes (%) >53 3-22 
Natural killer cells (%) 20 


On phytohemagglutinin test, T-lymphocyte function was remark- 
ably reduced. 





terial infections, because the contribution of T-lym- 
phocytes to immune responses is depressed. Al- 
though the number of peripheral white blood cells is 
within normal limits, there is a decreased number of 
T-lymphocytes (with a normal ratio of helper to sup- 
pressor cells) and an increased number of B-lym- 
phocytes.®-’ This study examined the response of T- 
lymphocytes, B-lymphocytes, macrophages, and in- 
tercellular adhesion molecule 1 (ICAM-1) expres- 
sion in the middle ear mucosa of a patient with otitis 
media and DiGeorge syndrome. 


MATERIALS AND METHODS 


Temporal Bone Sections. We used sections from 
the temporal bones of an 8-month-old boy with 
DiGeorge syndrome who had a hypoplastic inner ear 
and an abnormal course of the facial nerve (Fig 1), 
and had been suffering from otitis media when he 
died of congenital cardiac disease. The hematologic 
data are presented in the Table. The temporal bone 
specimens were obtained 5 hours after death. They 
were fixed in 10% formalin, decalcified by 5% tri- 
chloroacetic acid treatment, embedded in celloidin, 
and sectioned at 30 um in thickness as described pre- 
viously by Sando et al.!4 Every 10th temporal bone 
section (TBS) was stained by hematoxylin and eosin 
(H & E). Archival unstained TBSs preserved in 80% 
ethanol for 4 years were used for this immunohisto- 
chemical study. 


Primary Antibodies. The rabbit polyclonal anti- 
body against human CD3 (T-lymphocyte) and mouse 
monoclonal antibodies against human CD20 (B-lym- 
phocyte, clone L26) and CD68 (macrophage-mono- 
cyte, PG-M1) were obtained from Dako (Carpinteria, 





Fig 2. Horizontal section of left temporal bone (H & E, 
original x23), Purulent effusion (Pu) was present in tym- 
panic cavity. Mucosa was also thickened and invaded by 


inflammatory mononuclear cells. Asterisk area re- 

ferred to in Fig 4A, Pu — purulent effusion, M — mal- 

leus, I — incus, FN — facial nerve. 
Calif). Primary antibodies were diluted to 1:50 with 
phosphate-buffered saline (PBS) including 1% bo- 
vine serum albumin (BSA) and 0.1% Triton X-100 
(Sigma, St Louis, Mo). A mouse monoclonal anti- 
body specific for human CD54 (ICAM-1; clone 
MAB2130, Chemicon International Inc, Temecula, 
Calif) was used at a dilution of 1:20 in the PBS-BSA— 
Triton X-100 solution. 


Antigen Retrieval. The TBSs were soaked in dis- 
tilled water for 60 minutes and then mounted on gela- 
tin-coated glass slides. They were incubated in the 
antigen retrieval solution (saturated sodium hydrox- 
ide—methanol solution in methanol at a ratio of 1:3) 
for 30 minutes at room temperature,!> and then rinsed 
twice in methanol, 70% methanol, and PBS, respec- 
tively. Microwave antigen recovery was also used for 
CD3 and CD54. The TBSs were incubated with 1- 
mmol/L ethylenediaminetetraacetic acid (pH 6.0, 
Sigma) in a microwave oven (H2500, Energy Beam 
Science, Agawan, Mass) at 60°C for 5 minutes. Pro- 
teolytic treatment with 0.1% trypsin (pH 7.8, Sigma) 
containing 0.1% calcium chloride (Sigma) was also 
performed for identifying CD68.!4 


IMMUNOHISTOCHEMISTRY 


Endogenous peroxidase was inactivated by incu- 
bation with 3% hydrogen peroxide for 20 minutes. 
Nonspecific antigen binding was also inhibited by 
incubation with blocking solution containing 2% 
nonfat dry milk, 2% normal horse or goat serum, 
and 0.1% Triton X-100 (Sigma) for 30 minutes at 
room temperature. The sections were first incubated 
with the primary antibody at 4°C overnight, and then 
with the secondary antibody for | hour at room tem- 
perature. Biotinylated secondary antibody (horse 
anti-mouse for detecting monoclonal primary anti- 
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Fig 3. Inflammation of middle ear mucosa, A) Mucosa near tympanic sinus (H & E, original x115). Large number of inflam- 
matory mononuclear cells was observed within thickened mucosa. B) CD20-positive cells in section adjacent to A (original 
x115). These cells lie within accumulation of infiltrating mononuclear cells in A. 


body or goat anti-rabbit for detecting polyclonal pri- 
mary antibody; Vector Laboratories Inc, Burlingame, 
Calif) was used at a dilution of 1:200 secondary an- 
tibody—PBS including 1% BSA. After rinsing in PBS, 
the tissue was incubated with avidin-biotin-peroxi- 
dase complex (Vectastain Elite ABC, Vector Labo- 
ratories Inc) for 45 minutes at room temperature and 
then reacted with 0.02% 3,3'-diaminobenzidine - 4- 
hydrochloric acid in 4% sodium acetate, plus 0.003% 
hydrogen peroxide. Sections were dehydrated in a 
graded series of 70%, 95%, and 100% ethanol, 
cleaned in xylene, and coverslipped with Permount. 


Normal goat and horse sera were substituted for 
primary antibodies as negative controls, and paraf- 
fin-embedded tonsil sections served as positive con- 
trols. 

RESULTS 

Purulent effusion was present in the eustachian 
tube lumen, tympanic cavity (Fig 2), and mastoid 
air cells. The effusion contained predominantly neu- 
trophils with a lesser contribution of lymphocytes 


and macrophages. A cell-poor, amorphous compo- 
nent was also present. 


The mucosa of the tympanic cavity (Figs 2, 3A, 
and 4A) and the eustachian tube was thickened. The 
mucosa showed evidence of a prominent mononu- 
clear cell infiltration, which contained many CD20- 
immunoreactive (Figs 3B and 4B) and very few CD3- 
immunoreactive (Fig 4C) lymphocytes. In addition, 
triangular CD68-immunopositive cells were distrib- 
uted diffusely within the mucosa of the tympanic cav- 
ity (Fig 5), as well as the eustachian tube and mas- 
toid. A few round cells were also positive for CD68. 
Although the mucosa of the mastoid air cells was 
edematous, it contained fewer inflammatory cells 
than the other regions of the middle ear cavity. 


The lamina propria of the eustachian tube and tym- 
panic cavity also contained cells that displayed CD54 
immunoreactivity; the vascular endothelium (Fig 6A, 
B) showed prominent CD54 immunostaining, and 
CD54-immunoreactive mononuclear cells were also 
observed (Fig 6C). Negative controls showed no 
CD54 reaction (Fig 6D). 


DISCUSSION 


Palva et al!® reported that the infiltrating mononu- 
clear cells in the middle ear mucosa of chronic otitis 
media with effusion are predominantly T-lympho- 
cytes in patients with normal immune function. This 
also appears to be true in acute otitis media. !? This 
patient with DiGeorge syndrome had slightly reduced 
lymphocyte counts in the peripheral blood. However, 
the number of T-lymphocytes was depressed signifi- 
cantly, and the number of B-lymphocytes was ele- 
vated considerably. Further, a phytohemagglutinin 
test demonstrated that T-lymphocyte function was 
reduced markedly (see Table). The distribution of 
infiltrating lymphocytes in the middle ear mucosa 
was consistent with hematologic test results. There 
was an invasion of predominantly CD20-positive 
cells (putative B-lymphocytes) in the mucosa of the 
middle ear. Only scattered CD3-positive cells (puta- 
tive T-lymphocytes) were present. This is in stark con- 
trast to the dominant T-lymphocyte response in cases 
of both acute and chronic otitis media.'*-!® More- 
over, a large number of triangular CD68-positive 
cells (putative macrophages) were also observed in 
the effusion and in the mucosa of the eustachian tube, 
tympanic cavity, and mastoid air cells. Thus, it is 
possible that an enhanced infiltration of B-lympho- 
cytes and macrophages into the mucosa compensates 
for reduced immunity mediated by T-lymphocytes. 


Adhesion molecules, particularly ICAM-1, play 
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important roles in intercellular interactions when leu- 
kocytes adhere and transmigrate to an inflammatory 
focus. Intercellular adhesion molecule | belongs to 
the immunoglobulin supergene family and acts as a 
ligand for leukocyte function-associated antigen | 
(LFA-1) and integrin corresponding to the b2 group 
(Mac-1).'7 Both Himi et al! and Ganbo et al!’ have 
detected soluble ICAM-1 in the effusion of human 
otitis media cases. Okamoto et al? also found mes- 
senger RNA for ICAM-1 in human middle ear muco- 


A 





Fig 4. Inflammation in mucosa near tympanic portion of facial 
canal. A) High-magnification view of mucosa near facial canal 
noted by asterisk in Fig 2 (H & E, original x230). B) CD20- 
positive cells within mucosa in section adjacent to A (original 
x230). C) CD3-positive cells (arrows) scattered within mucosa 
in section adjacent to A (original x460) 





sal organ culture infected in vitro with respiratory 
syncytial virus. However, our case is the first dem- 
onstration that ICAM-1 is distributed in the vascu- 
lar endothelium and the infiltrating mononuclear 
cells in the middle ear mucosa of a patient with oti- 
tis media. 


The cellular pattern of ICAM-1 in this case with 
DiGeorge syndrome was similar to the pattern in a 
preliminary study of 2 control cases with otitis me- 
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Fig 5. Inflammation in mucosa of tympanic cavity. A) CD68-positive cells (arrows) are distinguished diffusely within mucosa 
in section adjacent to Fig 4A (original x230). B) High-magnification view of CD68-positive cells (original x607) Many cells 


show characteristic morphology of macrophages (arrows). 
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Fig 6. Vessels (V) in middle ear mucosa. A) Vessel with infiltrating mononuclear cells in lamina propria of tympanic cavity 
mucosa (H & E. original x460). B — bone, B) CD54-immunopositive reaction was observed in endothelium of vessel (ar- 
rows) in section adjacent to A (original x460). C) High-power view of B (original 1,150). Inflammatory mononuclear cells 
(arrows) in lamina propria around blood vessel showed CD54-positive reactions. D) Negative control section to compare to B 
(original x460). Note absence of CD54 immunoreactivity in vascular endothelium. 


dia but normal immune function (7-month-old and 
l-year-old girls). In these cases, both the vascular 
endothelium of the lamina propria and infiltrating 
monocytes showed CD54-positive reactions. Unlike 
in the DiGeorge syndrome case, the majority of these 
infiltrating monocytes appeared to be CD3-positive. 
Thus, the cellular distribution of ICAM-1 in chronic 
otitis media appeared to be independent of the rela- 
tive proportions of CD3- and CD20-immunopositive 
lymphocytes within the middle ear mucosa. 


A plethora of potential mechanisms could inter- 
act to produce a common pattern of ICAM-1 expres- 
sion during otitis media in control specimens and 
DiGeorge syndrome. Previous immunohistochemi- 
cal studies indicate that ICAM-1 can be expressed 


by a variety of cell types, including endothelial and 
epithelial cells, lymphocytes, macrophages, fibro- 
blast-like cells, and follicular dendritic cells. Expres- 
sion of ICAM-1 by these cell types is regulated by 
factors that include tumor necrosis factor & (TNF), 
interferon-y (INF-y), interleukin- 1, thrombin, and en- 
dothelins 1-3. Hence, it is plausible that ICAM-1 ex- 
pression could be regulated in the lamina propria dur- 
ing otitis media by mechanisms that include 1) T- 
lymphocyte production of IFN-y,*! 2) macrophage 
production of IFN-y, TNFa, and interleukin-1,??74 
and 3) B cell secretion of interleukin-1.?+ Our obser- 
vation suggests that these types of mechanisms are 
sufficient to produce the normal pattern of ICAM-1 
expression in the middle ear mucosa of a patient with 
DiGeorge syndrome. 
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MUCIN GENE EXPRESSION IN THE RAT MIDDLE EAR: 
AN IMPROVED METHOD FOR RNA HARVEST 
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MINNEAPOLIS, MINNESOTA 


Mucins are heavily glycosylated proteins characterized by high molecular weight and heterogeneous structure. Mucin genes are 
expressed in a tissue- or epithelium-specific manner. Although mucins are known to be important structural components of the 
mucociliary transport system that protects epithelium against invading microorganisms, very little is known about mucin gene 
expression unique to the middle ear. This study demonstrated that middle ear messenger RNA specifically hybridized with rat 
MUC2 and human MUC2 (SMUC-41) complementary DNA probes. MUC3 and MUCSAC mucin genes, dominantly expressed in 
rodent intestine and trachea, were not detected in the rat middle ears in this study. The middle ear MUC2 messenger RNA harvested 
by lavage was characterized by a single transcript — unlike its counterpart in intestine and airways, which is characterized by 
polydispersity — suggestive of a better method for RNA analysis. It was concluded that rat middle ears possess a MUC2 mucin gene 


or homologue of human MUC2 (SMUC-41). 


KEY WORDS — middle ear epithelial cells, MUC2 mucin gene, Sprague-Dawley rats. 


INTRODUCTION 


Mucins, which line the cell surfaces of the muco- 
sa of the respiratory, gastrointestinal, and urogenital 
tracts, are capable of protecting epithelia due to their 
unique biological structure.! In the middle ear, mu- 
cins are important structural components of the mu- 
cociliary transport system, which is responsible for 
clearance of invading microorganisms, air-borne sub- 
stances, and middle ear debris. Since mucins are able 
to bind to proteins in the outer membrane of bacte- 
ria,23 they play an essential role in the defense of 
the epithelium against invading pathogens. 


Mucins are large, heterogeneous, and highly gly- 
cosylated proteins whose approximate mass (molecu- 
lar weight) ranges from 200 to 400 kd. One of the 
characteristic features of mucin is its abundance of 
oligosaccharides. The oligosaccharides, which selec- 
tively attach to serine and threonine residues of mu- 
cin backbone (apomucin), are involved in cell-cell 
recognition, interaction, and adhesion.*-> Biochemi- 
cal analysis of mucins has demonstrated heteroge- 
neity of molecules from various sources of epithe- 
lia,®-” suggestive of the existence of multiple mucin 
proteins. To date, at least 9 distinct mucin genes that 
encode various mucin proteins of the body have been 


identified and designated as MUC1, MUC2, MUC3, 
MUC4, MUCSAC, MUCS5B, MUC6, MUC7, and 
MUCS8.!:8-13 All MUCs are secreted or soluble mu- 
cins, except for MUC1 and MUC3. 


Characteristic of all mucin proteins are the repeti- 
tive units in the central region of the molecule, called 
tandem repeats (Fig 1!). The length and sequence of 
the tandem repeat is unique to each mucin, a molec- 
ular marker that distinguishes one mucin from anoth- 
er. Tandem repeats contain a high percentage of ser- 
ine and threonine residues that serve as scaffolds for 
the attachment of carbohydrate side chains. Linkage 
between amino acid residues and carbohydrate side 
chains occurs at the hydroxyl group of serines and/ 
or threonines, biochemically termed O-glycosylation. 
Mucins are so heavily glycosylated at the tandem 
repeat units that carbohydrates outweigh proteins 
(dry weight) at an approximate ratio of 3 to 1. This 
extreme glycosylation shields the mucin backbone, 
enhancing its resistance to enzymatic digestion. 


A distinct feature of soluble mucins, unlike mem- 
brane-bound mucin protein, is the end-to-end link- 
age by disulfide bonds between mucin monomers 
(Fig 2). Oligomerization of mucin proteins creates 
huge—molecular weight proteins that are viscous in 
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az 22 amino acid tandem repeats 


E non-tandem repeats 


N-glycan O-glycan 


-s thio group of cystine residue 


Fig 1. Molecular model of biological structure of rat 
MUC2 mucin, based on literature.! Tandem repeat units 
(22 amino acids per unit), flanked by nontandem repeat 
regions at both ends, are rich in threonine, serine, and 
proline residues that provide scaffolds for attachment of 
O-glycans, Nontandem repeat areas contain cysteine resi- 
dues, which provide thio groups for formation of disul- 
fide bonds linked end-to-end between MUC2 mucin 
monomers. Nontandem repeat areas are believed to con- 
tain N-glycans. Glycans, especially O-glycans, are in- 
volved in cell-cell recognition, adherence, and interac- 
tion. 


nature. The linkage occurs between the thio groups 
of cysteine residues located within the carboxyl and 
amino terminals of the molecule. Formation of the 
disulfide bond is believed to occur in the rough endo- 
plasmic reticulum. !4 


Due to the variability in the glycosylation process 
and polymerization pattern, mucins are polymorphic 
and heterogeneous. !>»!6 Due to organ- or epithelium- 
specific activation and inactivation of redundant mu- 
cin genomic genes, the pattern of mucin expression 
within a given epithelium is unique. In other words, 
each type of epithelium possesses its own set of mu- 
cins. For example, in rodents, gastric epithelium ex- 
presses MUCSAC and MUC6. Intestinal epithelium 
expresses MUC2 and MUC3, while tracheal epithe- 
lium expresses MUCSAC and MUC2. 


The expression of mucin gene(s) unique to the 
middle ear is unknown at the present time. Because 
mucin is known to play a role in the mucociliary 
transport system and is important in the protection 
of middle ear epithelium, identification of the mu- 
cin(s) in the middle ear would provide a molecular 
basis for study of mucin metabolism. Understand- 
ing mucin metabolism under physiological condi- 
tions and how it is altered under pathological circum- 





S-S: disulfide bond 


Fig 2. Biological model of rat MUC2 mucin polymers. 
MUC2 mucin monomers, linked by disulfide bonds in 
end-to-end manner, form mucin polymers of high molec- 
ular weight that are highly viscous in nature and facili- 
tate entrapment of microorganisms and other substances. 


stances is key to understanding middle ear diseases 
characterized by disturbances in the mucin metabo- 
lism. This study was conducted to characterize mu- 
cin gene expression in the middle ear of the rat by 
using known mucin nucleic acid probes MUC2,!8 
MUC3,!! and MUCSAC,? the major mucins of the 
airway and gastrointestinal tract of rodents. 


MATERIALS AND METHODS 


Harvest of Middle Ear Mucosa byLavage. Sprague- 
Dawley rats were used as donors for middle ear epi- 
thelial cells. Ten specific germ-free rats weighing 
200 to 250 g were used for this study. After anesthe- 
sia with ketamine hydrochloride (40 mg/kg), the tym- 
panic membranes of the rats were examined under 
the operating microscope to confirm that the middle 
ears were free of infection. Bullae were removed im- 
mediately after sacrifice by decapitation. An open- 
ing was made at the bottom of the bulla to allow 
access to the middle ear cavity. The middle ear mu- 
cosa was washed 3 times with an ice-cold RNase 
inhibitor solution (40 U/mL) to prevent RNA degra- 
dation in vitro. Fifty to 75 uL of ice-cold 4-mol/L 
guanidinium isothiocyanate (Promega, Madison, 
Wis) was then inoculated into the middle ear cavity 
for 10 seconds to lyse the middle ear epithelial cells. 
This was repeated 3 times before the lysate was as- 
pirated, pooled, and placed on ice. After harvest of 
the middle ear epithelial cells, total RNA was iso- 
lated by the 1-step method of Chomczynski and Sac- 
chi.!7 Fifty microliters of 3-mol/L ice-cold sodium 
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acetate (pH 5.2) was added. Five hundred microli- 
ters of the lysate and 500 uL of ice-cold phenol/chlo- 
roform/ethanol (245:49:1) mixture were added to the 
lysate for 15 minutes on ice, and then the mixture 
was centrifuged at 11,900g for 20 minutes. The aque- 
ous phase was transferred to a new microtube, 500 
uL of isopropyl alcohol was added, and the mixture 
was allowed to precipitate at -20°C overnight. For 
positive controls, rat intestinal and tracheal tissues 
(approximately 300 mg) were harvested and total 
RNA was isolated by the conventional method.!7 
Cultured fibroblasts from human skin were used as 
negative controls. 


Northern Analysis of Steady-State mRNA. To study 
mucin gene expression in the middle ear epithelial 
cells of rats, we performed Northern analysis of 
steady-state messenger RNA (mRNA) as described 
by Sambrook et al.!8 Briefly, total RNA was quanti- 
tated by spectrophotometry at 260 nm. Rat middle 
ear, intestine, trachea, and human skin fibroblast to- 
tal RNAs (20 ug each) were loaded onto a 1.0% aga- 
rose gel containing 2.2-mol/L formaldehyde, and size- 
separated by electrophoresis at 100 V for 3.5 hours. 
Following electrophoresis, 28S and 18S RNA bands 
were stained with ethidium bromide (0.5 g/mL) and 
photographed to verify the integrity of the RNA sam- 
ples. All RNAs on the gel were transferred onto a 
nylon membrane with 10 x SSC (sodium chloride 
and sodium citrate, pH 7.0) buffer on a pressure blot- 
ter (Stratagene, La Jolla, Calif). Following transfer, 
blots were immobilized by cross-linking under ul- 
traviolet light. 


Blots were hybridized at 65°C for 2 hours with 
hybridization buffer containing 32P-radiolabeled rat 
MUC2 mucin complementary DNA (cDNA) probes 
with a radioactivity of 2 x 106 cpm/mL and washed 
under stringent conditions (1 x SSC and 0.1% so- 
dium dodecyl sulfate [SDS] at 65°C for 15 minutes, 
followed by 0.2 x SSC and 0.1% SDS at 65°C for 
another 15 minutes) to eliminate nonspecific hybrid- 
ization signals. The blots were exposed to Kodak 
XAR film at —80°C for 2 days. The film was devel- 
oped to show hybridization signals. The blots were 
stripped with 0.1% SDS solution at 95°C for 30 min- 
utes and reprobed with human MUC2 (SMUC-41) 
cDNA probes. This procedure was repeated until the 
blots were probed with mouse MUC3, mouse MUC- 
5AC, and human B-actin cDNA or RNA probes, re- 
spectively. 


Reverse Transcription—Polymerase Chain Reac- 
tion. To confirm the presence of rat MUC2 mRNA 
in the middle ear epithelium, we performed reverse 
transcription—polymerase chain reaction (RT-PCR) 
with 2 sets of specific sense-antisense primers at both 


the amino!9 and carboxyl terminal?° regions of the 
rat MUC2 mRNA. Primers (sense, bases 2,033 to 
2,054, 5'-GCT CAA TCT CAG AAG GCG ACAC- ° 
3'; antisense, bases 2,886 to 2,905, 5'-CCA GAT AAC 
AAT GAT GCC AGA GC-3’) were used to amplify 
a CDNA fragment of 875 base pairs (bp; including 
primers) from the rat MUC2 mRNA sequences be- 
tween bases 2,033 and 2,907 at the amino terminal 
area. Primers (sense, bases 362 to 381, 5'-GCC TCA 
AAC CCG TGC GTG TC-3'; antisense, bases 931 
to 950, 5'-TCA TTC ACC AAC CAC TCA TC-3’) 
were used to amplify a cDNA fragment of 589 bp 
(including primers) from the rat MUC2 mRNA se- 
quences between bases 362 and 950 at the carboxyl 
terminal area. Primers (sense, bases 333 to 352, 5'- 
GCT GGT GCT GAG TAT GTC GT-3'; antisense, 
bases 921 to 940, 5'-GAA TGG GAG TTG CTG 
TTG AA-3’) were used to amplify a cDNA fragment 
of 608 bp from the rat GAPDH (glyceraldehyde-3- 
phosphate-dehydrogenase) mRNA?! sequences be- 
tween bases 333 and 940 for loading controls. 


Two micrograms of total RNA from the middle 
ear samples was added to 20 uL of reverse transcrip- 
tion mixture that contained 5-mmol/L magnesium 
chloride, 1 x PCR buffer II, 1-mmol/L deoxyguano- 
sine triphosphate, 1-mmol]/L deoxyadenosine triphos- 
phate, 1-mmol/L deoxythymidine triphosphate, 1- 
mmol/L deoxycytidine triphosphate, 1 U/uL RNase 
inhibitor, 2.5 U/uL MuLV (murine leukemia virus) 
reverse transcriptase, and 2.5-umol/L random hexa- 
mers (RT-PCR kit, Perkin Elmer, Foster City, Cal- 
if). This mixture was incubated at 42°C for 1 hour. 
Eighty microliters of PCR mixture containing a fi- 
nal concentration of 2-mmol/L magnesium chloride, 
1 x PCR buffer II, 2.5 U/100 uL AmpliJag DNA 
polymerase, 25 pmol sense primer, and 25 pmol an- 
tisense primer was added to the above mixture. De- 
fined cDNA was then amplified with the GeneAmp 
9600 instrument system (Perkin Elmer; denaturing 
temperature 94°C for 1 minute, optimal annealing 
temperature 60°C for 1 minute, and extension tem- 
perature 72°C for 2 minutes, 35 cycles). The cDNA 
products were size-separated by running on 2% aga- 
rose gel. 


RESULTS 


The quality of the total RNA isolated from the rat 
middle ears by the lavage method is presented in 
Fig 3. Ethidium bromide staining showed good-qual- 
ity 28S and 18S RNAs. 


Northern blot demonstrated that middle ear RNA 
hybridized with the rat MUC2 cDNA probe (Fig 4A, 
first upper panel, lane 3). It also hybridized with the 
human MUC2 (SMUC-41) cDNA probe, and showed 
the exact same pattern (Fig 4A, second upper panel, 
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1 2 3 4 
Fig 3. Ethidium bromide staining of gel prior to transfer, 
used to assess equal sample loading and sample messen- 
ger RNA molecule integrity. Lanes | to 4 represent rat 
gut (GT), rat trachea (TR), rat middle ear (ME), and hu- 
man skin fibroblasts (FB), respectively. 


lane 3), but it did not hybridize with the mouse MUC3 
and MUCSAC cDNA probes. The size of the RNA 
was approximately 13.5 kb (Fig 4A, lane 3). The 
hybridizing signal band of the middle ear RNA was 
clear-cut, indicative of its single MUC2 mucin mRNA 
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transcript. Intestinal RNA hybridized with rat MUC2 
(Fig 4A, first upper panel, lane 1), human MUC2 
(second upper panel, lane 1), and mouse MUC3 (Fig 
4B, first upper panel, lane 1) cDNA probes, but not 
with mouse MUCSAC (Fig 4B, second upper panel, 
lane 1). Airway RNA hybridized with rat MUC2 (Fig 
4A, first upper panel, lane 2), human MUC2 (Fig 4A, 
second upper panel, lane 2), and mouse MUCSAC 
(Fig 4B, second upper panel, lane 2) cDNA probes, 
but not with mouse MUC3 (Fig 4B, first upper panel, 
lane 2). As expected, the negative control (ie, hu- 
man skin fibroblasts) RNA did not hybridize with 
any mucin cDNA probes (Fig 4, lane 4 of first and 
second panels), indicating specificity of the hybrid- 
ization. Note that hybridizing signal bands from air- 
way and intestine were polydisperse (ranging from 
13 to 1.4 kb), suggestive of multiple mucin MRNA 
transcripts or fragments of MUC2 mRNA due to rap- 
id turnover. The B-actin signal bands of all samples 
(Fig 4, lower panels) were sharp and clear, indica- 
tive of intact RNAs. The intensities of the B-actin 
bands were similar, suggestive of equal loading of 
total RNA. 


MUCS5AC 
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Fig 4. Northern blots. A) Northern blot hybridized with rat MUC2 and SMUC-41 complementary DNA (cDNA) 
probes (upper panels) and B-actin cDNA probe (lower panels). In upper panels, lanes | to 4 represent rat gut 
(GT), trachea (TR), middle ear (ME), and human skin fibroblasts (FB) hybridized with rat MUC2 or SMUC-4} 
cDNA probes. Rat gut and trachea showed polydisperse signal ranging from 13 to 1.4 kb, while rat middle ear 
expressed clear-cut signal band of approximately 13.5 kb. Human fibroblast tissue did not hybridize with rat 
MUC2 or SMUC-41 cDNA probes. Markers along left side indicate size in kilobase pair. Markers along right 
side indicate positions of 28S and 18S ribosomal RNA (rRNA), as well as MUC and f-aetin signal bands. B) 
Northern blot hybridized with mouse MUC3 RNA and MUCSAC cDNA probes (upper panels) and B-actin 
cDNA probe (lower panels). In first upper panel, lanes | to 4 represent rat gut, trachea, middle ear, and human 
skin fibroblasts hybridized with mouse MUC3 cDNA probe. Rat gut showed polydisperse signal, while rat tra 
chea, middle ear, and human fibroblasts were negative. In second upper panel, lanes | to 4 represent rat gut 
trachea, middle ear, and human skin fibroblasts hybridized with mouse MUCSAC cDNA probe. Rat trachea 
expressed faint signal, while rat gut and middle ear did not. Markers along left side indicate size in kilobase pair 
Markers along right side indicate positions of 28S and 18S rRNA, as well as MUC and f-actin signal bands 
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Fig 5. cDNA fragments of rat MUC2 mucin gene at both 
carboxyl and amino terminals (MUC2¢ and MUC2n), 
amplified by reverse transcription—polymerase chain re- 
action, CDNA (875 bp) from amino terminal was ampli- 
fied in gut (GT) epithelium (upper panel, lane 1) but not 
in middle ear (ME) epithelium (upper panel, lane 2). 
cDNA (589 bp) from carboxyl terminal was amplified 
in intestinal messenger RNA (MRNA; upper panel, lane 
3) but not in middle ear MRNA (upper panel, lane 4). 
Lanes 5 and 6 represent negative controls (CTRL), 
GAPDH (glyceraldehyde-3-phosphate-dehydrogenase) 
gene expression (housekeeping gene) was seen in intes- 
tinal and middle ear MRNA (lower panel), suggestive of 
equal loading of total RNA. Markers along left side in- 
dicate size in kilobase pair. 


The RT-PCR demonstrated that a fragment of 
cDNA (875 bp) from the intestinal epithelium (posi- 
tive control) was amplified at the amino terminal 
area. Complementary DNA from middle ear epithe- 
lium or tracheal tissue was not amplified at the same 
area (Fig 5, upper panel). A fragment of cDNA (589 
bp) from the intestinal MRNA was amplified at the 
carboxyl terminal area, while middle ear cDNA was 
not amplified at that same area. Since RT-PCR con- 
trols showed no cDNA bands, and GAPDH gene ex- 
pression (the housekeeping gene) was evident in in- 
testine, trachea, and middle ear epithelia (Fig 5, lower 
panel), indicative of equal loading of total RNA, this 
variance in amplification at the amino and carboxyl 
terminal areas is suggestive of sequence differences 
in the MUC2 mRNA of intestine, airway, and middle 
ear epithelia. 


DISCUSSION 


Rapid harvest of middle ear mucosa from the bony 
bullae is key to preservation of intact RNA. In this 
study, lavage of the middle ear mucosa with guani- 
dinium isothiocyanate solution proved to be a simple, 
rapid, and efficient alternative method for harvest- 


ing RNA. It replaced the time-consuming and diffi- 
cult — due to the extremely thin nature of the middle 
ear mucosa — process of opening the bullae and 
scraping mucosa under the microscope. The lavage 
method lyses middle ear epithelial cells directly and 
does not require homogenization of tissue, thus avoid- 
ing shearing (mucin mRNA is one of the huge—mo- 
lecular weight mRNAs susceptible to physical shear- 
ing). An advantage of harvest by middle ear lavage 
is that lysate is derived from the epithelial layer and 
not from bone or other connective tissue layers that 
tend to dilute the epithelium-derived RNA. This is 
important because the number of mucin-producing 
cells in the normal middle ear is very limited.*? To 
our knowledge, harvest of epithelium from the bony 
bullae and isolation of RNA for Northern analysis 
has not been reported previously. 


The RNA analysis demonstrated that normal mid- 
dle ear epithelial cells of specific germ-free rats ex- 
pressed the MUC2 mucin gene, indicating that this 
gene is intrinsic to middle ear epithelial cells and 
expressed on a regular basis under normal condi- 
tions. Unlike airway MUC2 mucin,** the middle ear 
MUC2 mucin gene does not have to be induced. In- 
trinsic MUC2 expression indicates baseline produc- 
tion of mucin in the middle ear of specific germ— 
free rats as a function of the mucociliary transport 
system. Consistent with this finding, other studies 
have shown that normal rat middle ear mucosa con- 
tains a small number of goblet and ciliated cells in 
the tympanic orifice and transitional zone,*~ the so- 
called mucociliated tract. Studies have also demon- 
strated that intestinal MUC2 mRNA is expressed by 
goblet cells,?™* suggestive of an origin of MUC2 
mRNA. Rat middle ear mucin MUC2 mRNA ap- 
pears to share sequences with human MUC2 (SMUC- 
41), since the hybridization pattern of the rat MUC2 
cDNA probe is identical to that of SMUC-41. Other 
studies have shown rat MUC2 mRNA to be 80% ho- 
mologous to human MUC2 mRNA.!? 


The MUC2 mucin is characterized by its unique 
23 amino acid sequence tandem repeats, rich in threo- 
nine and proline residues.* The threonine residues 
provide scaffolds for attachment of oligosaccharides. 
The attachment of oligosaccharides to the mucin 
backbone (apomucin) greatly increases its molecu- 
lar weight and protects it against degradation by en- 
zymes secreted from microorganisms. Middle ear 
mucin has been shown to be resistant to chondroi- 
tinase ABC? and papain.° 


The nontandem repeat regions at both ends of the 
MUC2 mucin monomer are highly conserved do- 
mains of the mucin molecule, rich in cysteine resi- 
dues. The cysteine residues provide the molecular 
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basis for formation of disulfide bonds, as indicated 
in the von Willebrand factor.?” Many investigators 
have reported that mucin monomers become poly- 
merized through disulfide bonds.?”?8 End-to-end 
linkage between mucin monomers is known to be 
related to the property of mucin viscosity (gel forma- 
tion). Carrie et al29 and Majima et al3 demonstrated 
that mucins contribute to the viscosity of middle ear 
fluid. This gel-forming ability is thought to be an 
important function of mucin proteins, forming a bar- 
rier (mucociliary blanket) on the surface of the epi- 
thelium and trapping invading microorganisms and 
foreign particles.2> Loss of the disulfide bond be- 
tween mucin proteins by reduction or carboxymeth- 
ylation leads to loss of viscosity.® 


It should be noted that in the current study, the rat 
middle ear MUC2 mRNA transcript differed from 
that of rat intestinal and tracheal tissues. The signal 
band from middle ear MUC2 mRNA retrieved by 
lavage demonstrated a clear-cut band, approximately 
13.5 kb in size, representing a single transcript of 
MUC2 mRNA. The signal band from intestinal or 
tracheal MUC2 mRNA derived by the conventional 
method was polydisperse in size, ranging from 13 to 
1.4kb, representing various lengths of mucin mRNAs 
that reflect breakdown of a single MUC2 mRNA, or 
multiple transcripts of MUC2 mRNA. Debailleul et 
al?! recently demonstrated an improved method for 
preparing mucin RNAs that exhibited a signal band 
close to that of a single transcript. It is highly plau- 
sible that the discrepancies found between single 
bands from middle ear and intestinal or tracheal tis- 
sues may be related to shearing of the mucin mRNA 
that occurs as a result of a preparation technique that 
requires homogenization of tissues. It is not clear at 
the present time whether goblet cells of the middle 
ear express exactly the same MUC2 transcript as do 
those from the intestine and trachea, for 2 reasons: 
1) RT-PCR data demonstrated that primers derived 





from both ends of intestinal MUC2 cDNA do not 
work with their counterpart in the middle ear; and 2) 
the size of middle ear MUC2 mRNA (about 13.5 
kb) differs from that of intestine or trachea (about 
13 kb). 


The length of the mucin gene, in general, is char- 
acterized as polymorphic. For example, MUC1 has 
a wide range of phenotypes.>? The size differences 
among alleles reflect a variable number of tandem 
repeats within the transcribed and translated part of 
the gene. The number of tandem repeats in MUC1 
ranges from 21 to 125, with 41 and 85 repeats being 
the most frequent.?> Similarly, MUC2 alleles also 
differ in their number of tandem repeats.!34 The 
mechanism of polymorphism is poorly understood. 
It may be due to its y-like sequences (tandem repeat 
sequences). These sequences, originally found in 
Escherichia coli and bacteriophage À, are thought 
to function as signals for homologous recombina- 
tion.35.36 y-Like sequences, also found in the eukary- 
otic genome, may promote the generation of tandem 
repeats in DNA. 


CONCLUSIONS 


Lavage of the middle ear mucosa with guanidini- 
um isothiocyanate solution appeared to be an effi- 
cient alternative method for harvesting epithelium- 
derived RNA in this study. Screening of RNA with 
MUC2, MUC3, and MUCSAC mucin probes dem- 
onstrated that normal middle ear epithelial cells from 
specific germ-free rats expressed the MUC2 mucin 
gene, but not MUC3 or MUCSAC. A tentative con- 
clusion, therefore, could be made that the middle ear 
secretory epithelium of the rat expresses the MUC2 
mucin gene under normal or specific germ-free con- 
ditions. Evidence obtained in this study also adds 
support to the notion that rat middle ear MUC2 is 
one of the polymorphic MUC2 mucin mRNA tran- 
scripts or a homologue of the human MUC2 mucin 
gene (SMUC-41). 
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IMMUNOHISTOCHEMICAL DISTRIBUTION OF EXTRACELLULAR 
MATRIX COMPONENTS AND KERATIN IN EXPERIMENTALLY 
INDUCED OTITIS MEDIA 
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The distribution of collagen types I, III, and IV and of laminin, fibronectin, and keratin was studied in otitis media experimen- 
tally induced by Streptococcus pneumoniae in the chinchilla. The expression of interstitial collagen types I and III and of fibronectin 
was increased in the subepithelial space that was thickened by inflammation in the acute period of infection. The expression of 
collagen type IV in the subepithelial space could be seen in the early period. The epithelial cells in the middle ear changed from flat 
cuboidal to pseudostratified columnar in pneumococcus-inoculated ears, and the number of keratin-positive epithelial cells in the 
middle ear increased remarkably after infection. These results indicate that changes in epithelial cell differentiation effected by the 
extracellular matrix correlate with changes in expression of keratin. It is proposed that the extracellular matrix may contribute to 
tissue repair in the middle ear after bacterial infection by interfering with cell proliferation of epithelial cells and fibroblasts. 


KEY WORDS — extracellular matrix, immunohistochemistry, keratin, otitis media, Streptococcus pneumoniae. 


INTRODUCTION 


The middle ear mucosa forms the first line in the 
defense system of the middle ear during bacterial 
and viral infection. This barrier consists of the epithe- 
lial layer, involving the mucociliary transport system 
and the subepithelial space. Otitis media is an inflam- 
matory condition of the middle ear cavity that may 
result from various causes. The exact chronology of 
otitis media in the human is not known; however, in 
experimental animals with untreated otitis media hy- 
peremia, edema, polymorphonuclear leukocyte in- 
filtration, and focal hemorrhage in the subepithelial 
space occur within 3 days of direct middle ear inoc- 
ulation with Streptococcus pneumoniae. By 5 days, 
granulation tissue can be identified and the epithe- 
lium has changed from flat cuboidal to pseudostrat- 
ified columnar with goblet cells predominating. 
Monomorphonuclear leukocytes and osteoneogene- 
sis are present by 2 weeks. 


Cellular interaction with the extracellular matrix 
(ECM) plays an important role in many biological 
processes, including embryonic development, ho- 
meostasis, immune responses, wound healing, and 
malignant transformation.” Although the ECM com- 
ponents are the most important structural constitu- 


ents in the subepithelial space, little is known about 
those in the middle ear mucosa. Only a few investi- 
gators have reported the distribution of some ECM 
components in the middle ear.>-> 


Keratin is one of the predominant filaments in mam- 
malian epithelial cells. The function of keratin in epi- 
thelial cells is unknown, but it apparently plays a 
role in the differentiation and maturation of the epi- 
thelial tissue.67 The overall pattern of keratin expres- 
sion by diverse epithelia is thought to reflect specif- 
ic location and differentiated cellular function.’ Stud- 
ies have demonstrated that the state of differentiation 
of epithelial cells is influenced by the ECM on which 
they are cultured in vitro.? 


The molecular composition of the middle ear mu- 
cosa, including the epithelial cells, the basement mem- 
brane, and the submucosal tissue, is poorly under- 
stood. The present study describes the distribution 
of collagen types I, HI, and IV and of laminin, fibro- 
nectin, and keratin in middle ear mucosa from nor- 
mal chinchillas and from chinchillas with otitis me- 
dia induced by S pneumoniae with the aim of better 
understanding the molecular composition of the mid- 
dle ear mucosa. 
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TABLE 1. PRIMARY AND SECONDARY ANTIBODIES FOR IMMUNOHISTOCHEMISTRY 























Primary Antibody Source Dilution Secondary Antibody Source Dilution 
Collagen type I SB 1:32 FITC-RAGG Cappel 1:10 
Collagen type IN SB 1:64 FITC-RAGG Cappel 1:10 
Collagen type IV SB 1:64 FITC-RAGG Cappel 1:10 
Laminin 86-9 MN 1:128 FITC-GARG Cappel 1:32 
Fibronectin SB 1:32 FITC-GARG Cappel 1:32 
Keratin Miles 1:32 FITC-GAGPG Cappel 1:16 


SB — Southern Biotechnology Associates, Inc, Birmingham, Ala; MN — provided by the Dept of Pediatrics, University of Minnesota; Miles 
— Miles Laboratories, Inc, Naperville, Ill; FITC — fluorescein-isothiocyanate; RAGG — rabbit anti-guinea pig IgG antiserum; GARG — 
goat anti-rabbit IgG antiserum; GAGPG — goat anti-guinea pig IgG antiserum; Cappel — Cappel, Organon on Teknika Corporation, West 


Chester, Pa. 





MATERIALS AND METHODS 


Animals. Healthy 1- to 2-year-old chinchillas were 
used in this study. Eleven normal ears from chinchil- 
las and 12 infected ears were used. Purulent otitis 
media was induced by inoculation of type 7F S pneu- 
moniae (20 colony-forming units per ear) into the 
bulla. This pneumococcus is an encapsulated strain 
(American type 51) that has been used exclusively 
in modeling pneumococcal otitis media in chinchil- 
las.10 Pheumococci were grown to log-phase in Todd 
Hewitt broth (BBL Microbiology Systems, Cockeys- 
ville, Md) enriched with 35% bovine serum albu- 
min (Sigma, St Louis, Mo). Purulent otitis media was 
produced by direct inoculation of $ pneumoniae into 
the superior bulla of the chinchillas. 


Six ears were used as “acute period mucosa” that 
was taken 3 to 5 days after bacterial inoculation. Six 
ears were used as “convalescent period mucosa” that 
was taken 3 to 6 months after bacterial inoculation. 


Fresh Preparations and Immunohistochemistry. 
After the animals were killed painlessly, bullae were 
opened with sharpened picks and the mucosa was 
carefully separated from the bone with an elevator 
for ear surgery. The mucosa was taken from the supe- 
rior bulla, the inferior bulla, and the eustachian tube. 
Tissue was snap frozen in isopentane precooled in 
liquid nitrogen and sectioned at 4 um in a Lipshaw 
cryostat (Lipshaw Manufacturing Co, Detroit, Mich). 


An indirect immunohistochemical method was 
used as previously described." In brief, after air-dry- 
ing, sections were fixed with acetone for 10 min- 
utes, washed 3 times with phosphate-buffered saline, 
and overlaid with approximately 20 uL of an appro- 
priate dilution of primary antiserum. Goat anti-colla- 
gen antibodies specifically react with human colla- 
gens, but they also react with collagens from most 
other species. Anti-keratin antiserum specifically 
stains networks of tonofilaments. Each secondary an- 
tiserum was absorbed with chinchilla serum before 
use. Primary and secondary antibodies are shown in 
Table 1. Primary antibodies were reacted with chin- 
chilla plasma—absorbed fluorescein-isothiocyanate— 


conjugated secondary antibodies (Table 1). Sections 
were examined with a Zeiss phase contrast micro- 
scope with epifluorescence illumination. Hematoxy- 
lin and eosin staining sections were also prepared. 


Two immunohistochemical controls were per- 
formed. First, chinchilla kidney, external ear skin, 
and ear cartilage were used to serve as a positive 
control and to determine whether the antibodies 
cross-react with chinchilla tissues. These tissues were 
processed identically to the fixed chinchilla middle 
ear mucosa. Second, as a negative control, tissue sec- 
tions were incubated only in the secondary antibody. 
The distribution and intensity of immunofluores- 
cence was scored on a semiquantitative scale of none 
(—), moderate (+), strong (++), and very strong (+++) 
fluorescence by 2 observers (T.H. and Y.K.). 


RESULTS 


Cross-reactivity of Primary Antibodies, Although 
the primary antibodies used in this study were raised 
against human ECM components and keratin, these 
can also react with chinchilla ECM components and 
keratin, not only in the middle ear mucosa but also 
in other organs (kidney and external ear skin). The 
distribution pattern of ECM components and kera- 
tin in chinchillas was almost the same as in humans. 


Normal Middle Ear Mucosa. The reactivity pat- 
terns of the different ECM antibodies and the kera- 
tin antibody on normal middle ear are summarized 
in Table 2 and depicted in Figs 1 and 2. 


Collagen types I and IH were present throughout 
the submucosal layer (Fig 1A,B). Antibodies to col- 
lagen type IV and laminin localized exclusively in 
the basement membranes of normal chinchilla mid- 
dle ear mucosa and capillaries (Fig 1C,D). Fibronec- 
tin was also present in the submucosal layer of nor- 
mal chinchilla middle ear mucosa (Fig 1E). Squa- 
mous cells predominated in this area (Fig 1F). 


Antibodies to keratin localized in the nasal muco- 
sa (Fig 2A), the eustachian tube (Fig 2B), the tympan- 
ic orifice of the eustachian tube (Fig 2C), and the 
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TABLE 2. DISTRIBUTION OF EXTRACELLULAR MATRIX COMPONENTS AND KERATIN IN MIDDI R 
MUCOSA OF CHINCHILLA 


Collagen 
Type l 


Normal middle ear mucosa (n = 11) 
Epithelial cells 
Basement membrane = 
Subepithelial layer H+ 
Infected middle ear mucosa (acute period; n = 6) 
Epithelial cells 


Basement membrane 


Subepithelial layer +++ 


Infected middle ear mucosa (convalescent period: n = 6) 
Epithelial cells = 
Basement membrane — 
Subepithelial layer ++ 

Immunofluorescence was scored as follows: — none: + 


differed, result is given as range. 


moderate: ++ 


Collagen 


Type I\ Laminin Fibrone K 


Collagen 
Type Ill 


++ -= 


+++ + to ++ to + 


++ = 


strong; +++ very strong. When s 


*Collagen type IV and laminin are distributed in not only basement membrane of epithelium but also that of capi 


Epithelial cells changed from flat cuboidal to pseudostratified columnar with goblet cells predominating 


§Deposition of fibronectin in mucous blanket was seen in acute period of infection 


superior bulla (Fig 2D) of normal chinchillas. In par- 


sionally exhibited reactivity. However, decoration of 





ticular, basal cells of the epithelial layer in the eusta- epithelial cells with antikeratin antibodies was more 
chian tube and tympanic orifice of the eustachian common at the tympanic orifice of the eustachiar 
tube were stained strongly with these antibodies. On tube (Fig 2C). Squamous cells predominated in the 
the other hand, antibodies to keratin generally did superior bulla (Fig 2F), whereas ciliated and secreto 
not localize in the superior bulla mucosa (Fig 2D). ry cells could be seen in the transitional zone of th 


The epithelial cells in the superior bulla mucosa occa- 


Fig 1. A-E) Immunofluorescence of A) 
collagen type I, B) collagen type II, C) 
collagen type IV, D) laminin, and E) fi- 
bronectin in normal chinchilla middle 
ear mucosa. F) Phase-contrast micro- 
scopic picture of same region. 


middle ear mucosa (Fig 2E). 
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Fig 2. A-D) Immunofluorescence of kera- 
tin in normal chinchilla A) nasal mucosa, 
B) eustachian tube, C) inferior bulla, and 
D) superior bulla. E,F) Histologic charac- 
teristics of normal chinchilla middle ear 
mucosa from E) inferior bulla and F) su- 
perior bulla with hematoxylin-eosin. 





Infected Middle Ear Mucosa. The reactivity pat- 
terns of the different ECM antibodies and the kera- 
tin antibody on infected middle ear are summarized 
in Table 2 and depicted in Figs 3 and 4. 


The deposition of collagens type I and III increased 
in the submucosal layer that was thickened by inflam- 
mation due to pneumococcal infection in the middle 
ear cavity (Fig 3A,B). The expression of collagen 
type IV remarkably increased in the subepithelial lay- 
er in the acute period (Fig 3C), whereas that of lami- 
nin showed no apparent change (Fig 3D). Numerous 
small blood vessels, which had strong collagen type 
IV expression, were also found in the thickened sub- 
epithelial space in the acute period of infection. The 
deposition of fibronectin increased in the submucosal 
layer and in the mucus blanket in the acute period 
(Fig 3E). Not only the epithelial cells in the inferior 
bulla mucosa, but also those in the superior bulla, 
showed strong immunofluorescence of keratin in the 
acute period (Fig 3F). The mucosa in both superior 
and inferior bullae was thickened remarkably with 
pneumococcal infection in the acute period. There 
was focal cuboidal and columnar metaplasia of the 
lining of the mucous membrane (Fig 3H). 


Cuboidal and columnar metaplasia of the lining 
of the mucous membrane, as well as striking edema 
of the subepithelial layer with a mononuclear cell 
infiltrate, could be seen in the middle ear cavity. The 


middle ear cavity was filled with an acute inflamma- 
tory exudate in the acute period (Fig 4C). The expres- 
sion of keratin in the epithelial cells remarkably in- 
creased in the acute period of pneumococcal infec- 
tion (Fig 4A). The expression pattern of keratin and 
the shape of the middle ear epithelium were similar 
to those in the nose and eustachian tube of normal 
chinchillas. 

In the convalescent period, the expression of ECM 
components returned to almost the same as that in 
normal middle ear mucosa. The epithelial cells in 
the superior bulla, however, sull showed immuno- 
fluorescence of keratin (Fig 4B). Although squamous 
cells predominated in the middle ear in the convales- 
cent period, ciliated cells and secretory cells were 
occasionally observed in small patches (Fig 4D). No 
subepithelial glands were found in the middle ear mu- 
cosa. 

DISCUSSION 

The considerable size of the ECM components 
suggests that each genetic type has specific func- 
tions. Although information is available on the com- 
position of most ECM components, their function 
remains poorly defined. To begin to understand the 
functions of the individual ECM components, their 
histopathologic features, relations, and interactions 
in vivo must be defined. Therefore, we decided to 
study the distribution of interstitial collagen types I 
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Fig 3. A-F) Immunofluorescence of A) colla- 
gen type I, B) collagen type III, C) collagen 
type IV, D) laminin, E) fibronectin, and F) 
keratin in acute phase of otitis media induced 
by Streptococcus pneumoniae in chinchillas. 
G) Phase-contrast microscopic picture and H) 
hematoxylin-eosin staining of same region. 


and III, of fibronectin, and of the intrinsic basement 
membrane components collagen type IV and laminin 
in normal and pneumococcal-infected chinchilla oti- 
tis media. 


Epithelial cell keratins are a complex group of in- 
termediate filament proteins.'* The overall pattern 
of keratin expression by diverse epithelia is thought 
to reflect specific location and differentiated cellu- 
lar function.” 


In this study, we have localized the ECM compo- 
nents and keratin by immunohistochemistry using 
an indirect immunofluorescence technique. Collagen 
types I and III were localized in the subepithelial 
space, collagen type IV and laminin in the basement 
membranes, fibronectin in the submucosal layer, and 
keratin in the epithelial cells of normal middle ear 
mucosa of chinchillas. The distribution of collagen 
type I was similar to that reported in normal human 
middle ear mucosa.* Collagen type III was also re- 
stricted to the interstitium in normal chinchilla mid- 





dle ear mucosa. The distribution of collagen types | 
and II was similar to that reported in human tym 
panosclerosis.° 


After the introduction of a sufficient bacterial in- 
oculum into the middle ear cavity, an acute inflam 
matory reaction could be established. The 3 layers 
of the middle ear mucosa were quickly altered with 
an acute infiltrate of leukocytes in the subepithelial 
space, massive inflammatory cell infiltration into the 
middle ear cavity, and enzymatic responses such as 
increases in lysozyme, proteases, and protease inhib 
itors.!? The epithelial cells changed from flat cuboi- 
dal to pseudostratified columnar with goblet cells 
predominating. A middle ear effusion accompanied 
these changes, and it appeared to be in part a transu 
date from the mucosal vasculature, accompanied by 
leukocyte migration from both vascular and tissue 
sources. We have already reported that the vascular 
permeability of the middle ear mucosa of chinchil- 
las was significantly increased after § pneumoniae 


774 Harada et al, Extracellular Matrix in Otitis Media 





Fig 4. A,B) Immunofluorescence of keratin in pathological states of distal part of chinchilla bulla: A) acute stage of 
inflammation and B) convalescent stage. C.D) Histologic characteristics (hematoxylin-eosin staining) of corre- 
sponding stages: C) acute and D) convalescent. 


inoculation into the middle ear cavity.'* As pneumo- 
cocci are the most frequent causative agents in hu- 
man otitis media, we studied the consecutive events 
that take place in the middle ear cavity after inocula- 
tion of $ pneumoniae. 


The expression of collagen types I and III in- 
creased in the submucosal layer that was thickened 
by inflammation in the acute period of infection. Oth- 
ers reported that collagen types I and II deposition 
was found in an inflammatory state. The role of colla- 
gen deposition in wound healing is well established 
in the skin.!° The formation of a dermal scar is ac- 
companied by an increase in collagen synthesis that 
may last 6 months or more in the guinea pig. Col- 
lagen type III is found in higher concentrations in 
early scar tissue than in surrounding dermis. A num- 
ber of biochemical abnormalities have been reported 
in pathological scars (hypertrophic scars and keloids) 


and granulation, including a prolonged high rate of 


collagen synthesis, an increased glycosaminoglycan 
content, high polyhydroxylase levels, and increased 
amounts of an unusual polyfunctional lysyl-derived 
cross-link, pyridinoline. Although the biochemical 
defect responsible for these abnormalities is not 


known, it is of interest that the high proportion of 


collagen type HI found in the early phase of wound 
healing persists in pathological scars long after the 


pattern of collagen expression in normal scars has 
reverted to that seen in normal dermis. 


The expression of fibronectin increased in the sub- 
epithelial space and in the mucus blanket. The in- 
crease in deposition of fibronectin in the mucus blan- 
ket may be explained as a result of increased plasma 
fibronectin permeability due to inflammation after 
inoculation of S pneumoniae into the middle ear cav- 
ity of the chinchillas. It is reported that fibronectin 
mediates the attachment and spreading of cells on a 
variety of substrates and influences their migration, 
growth, and differentiation.'® Fibronectin functions 
as a primary matrix for organization of collagenous 
connective tissue during the tissue repair process.!7 
One may speculate that increased fibronectin in the 
submucosal layer promotes modulation of epithelial 
cells and development and growth of the vascular 
system in the middle ear mucosa. Two types of fi- 
bronectin have been reported.'* Cell surface or cel- 
lular fibronectin is synthesized by a variety of cells, 
including fibroblasts, myoblasts, and certain epithe- 
lial cells. Plasma fibronectin is a dimer of 2 disul- 
fide-bonded polypeptides, whereas cellular fibronec- 
tin occurs as dimers and multimers. Most antisera to 
the 2 forms of fibronectin cross-react. The antise- 
rum that we used in this study also cross-reacted. 
The primary function of cellular fibronectin is to me- 
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diate the adhesion of cells to the ECM and to other 
cells.!9 The most obvious role for fibronectin in the 
middle ear may be to provide structural support for 
the collagen fibers while allowing for the permeabil- 
ity of certain ions to and from the middle ear cavity. 
Although fibronectin is not known as a mitogen for 
epithelial cells in the middle ear, it has been reported 
to affect epithelial cell proliferation by mediating 
their anchorage.2° 


Few keratin-positive epithelial cells were detected 
in the superior bulla, whereas keratin-positive epithe- 
lial cells were common in the eustachian tube mucosa 
and in the nasal mucosa. The number of keratin-posi- 
tive cells in the bulla mucosa remarkably increased 
after $ pneumoniae inoculation in the middle ear cav- 
ity, and these keratin-positive cells still remained in 
the convalescent period. Although epithelial cells and 
their transformed derivatives share the common char- 
acteristic of expressing keratin intermediate filaments, 
keratin filaments in some cell types undergo cell-cy- 
cle—specific changes in organization.2! The phenom- 
enon of “antigenic masking” can potentially lead to 
incorrect interpretation of negative immunofluores- 
cence data. Normal superior bulla mucosa of chin- 
chillas showed negative immunoreactivity in this 
study, whereas normal nasal and eustachian tube mu- 
cosae were immunologically positive for keratin. 
One might speculate from these results that the epi- 
thelial cells in the bulla have the potential to undergo 
a molecular transformation to a state characteristic 
of hyperproliferative cells, and that the cells in eusta- 
chian tube mucosa or nasal mucosa produce more 





keratin because of stimulation by microorganisms 
or by chemical irritants in the air. We will confirm 
negative immunoreactivity by immunoblotting data 
in the future, because the absence of staining must 
be interpreted as inconclusive. Moreover, the keratins 
are a highly heterogeneous group of proteins that 
represent a class of intermediate-size filaments in 
almost all vertebrate epithelia, but are not usually 
detectable in nonepithelial tissues such as fibroblasts, 
muscles, and nerves. The availability of monoclonal 
antikeratin antibodies has provided a tool for investi- 
gating both the presence and differential expression 
of the keratins.® The particular keratin composition 
of the epithelia varies with the cell type, growth en- 
vironment, stage of differentiation, and disease state. 
Studies have demonstrated that the state of differenti- 
ation of epithelial cells in vitro is influenced by the 
ECM on which they are cultured.2223 Our next goal 
is to determine the relationship between keratin sub- 
types and the ECM components in otitis media. 


The present findings emphasize the important role 
that the composition and organization of the ECM 
may play in the modulation of middle ear mucosal 
behavior in otitis media. The results in this study 
also indicate that synthesis of keratin may be the re- 
sult of cell injury and suggest that keratin has an ac- 
tive regulatory role in the process of epithelial cell 
differentiation in the middle ear. The mechanisms 
operating in such cell-matrix interactions, and their 
potential role in tissue remodeling in diseased middle 
ear mucosa and in the pathogenesis of otitis media, 
remain to be delineated further. 
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ANKLE-ARM INDEX AS A SCREENING EXAMINATION FOR FIBULA 
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The frequent use of the fibula free flap for mandibular reconstruction has served as an impetus to develop a screening test for this 
flap. This would detect lower leg vascular disease that could jeopardize the flap or donor extremity. Data would allow a decision 
whether to pursue further lower leg imaging versus consideration of an alternative donor site. The ankle-arm index (AAJ) was 
determined on a prospective series of 62 patients being considered for fibula free flap transfer. An AAI of less than 1.0 was found to 
be predictive of a high rate of lower leg vascular disease (by color flow Doppler imaging) that would jeopardize the flap or donor 
extremity. The AAI did not detect anomalous vasculature of the lower leg (N = 2). If the AAI is less than 1, an alternative donor site 
to the fibula should be considered, and if it is greater than 1, a color flow Doppler examination of the donor extremity is recom- 


mended. 


KEY WORDS — ankle-arm index, color flow Doppler, fibula free flap. 


INTRODUCTION 


Fibula osseocutaneous free tissue transfer is widely 
used for oromandibular reconstruction following on- 
cological resections or trauma, and is an emerging 
choice for maxillary reconstruction. Fibula flap har- 
vest requires sacrifice of the peroneal artery. Donor 
site ischemia secondary to peripheral arterial occlu- 
sive disease (PAOD) or lower leg vascular anoma- 
lies may result from flap harvest. Anticipation of this 
problem preoperatively allows for the selection of 
an alternative donor site. 


Preoperative vascular imaging allows for diagno- 
sis of PAOD or anomalous lower extremity vascular 
supply. Traditionally, this has taken the form of an- 
giography.!* This technique has limitations due to 
its expense and potential complications of hematoma, 
thrombosis, embolus, stroke, or contrast-induced ana- 
phylaxis. Alternative methods of vascular imaging 
that are noninvasive have been described, including 
magnetic resonance angiography? and color flow 
Doppler imaging (CFD).3-° Although CFD is quick, 
noninvasive, economical, and well accepted by pa- 
tients, it is another step and expense in the preopera- 
tive process. 


Allen’s test is an office screening procedure that 
can be used in the selection of candidates for a radial 
forearm free flap.’ Its use is recommended because 
of a significant incidence (10%) of anomalous pal- 


mar arch circulation (radial artery dominance), Al- 
len’s test involves the simultaneous compression of 
the radial and ulnar arteries at the wrist while the pa- 
tient repeatedly opens and closes the hand to remove 
the venous blood. The radial and ulnar arteries are 
selectively released, and the palmar skin is exam- 
ined for a capillary blush.” Allen’s test offers a quick 
and reliable means by which a surgeon can preoper- 
atively, and in a noninvasive manner, exclude those 
patients in whom the sacrifice of the radial artery 
required for radial forearm free flap harvest would 
jeopardize the remaining circulation to the hand. In- 
spired by Allen’s test, and in an effort to use resources 
more efficiently, we contemplated the role of an of- 
fice screening procedure that would determine the 
need of vascular imaging of the lower leg versus the 
consideration of another flap donor site (iliac crest 
or scapula). 


The ankle-arm index (AAJ) is a simple test that 
can be used in a fashion similar to Allen’s test to 
screen the lower extremities for their suitability as 
donor sites for fibula free flaps. Although each ar- 
tery of the lower leg cannot be selectively occluded 
and released to determine patency, the AAI can as- 
sess the global arterial sufficiency of the lower leg 
and foot. A low AAI would indicate arterial insuffi- 
ciency of the lower leg that would negatively impact 
on fibula flap or donor extremity survival regardless 
of the specific arteries involved. Even a single ar- 
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TABLE 1. CHARACTERISTICS OF ÇOLOR FLOW 
DOPPLER STUDY POPULATION 








No. of patients 62 
Mean age 63.4 
Male-female ratio 40/22 


Incidence of peripheral 
arterial occlusive disease 6 (9.7%) 


Arterial anomalies ; 1 (1.6%)* 

No. of extremities 124 

Ankle-arm index >1.0 112 (2 anomalies) 
Ankle-arm index <1.0 12 (10 peroneal and 12 AT 


and/or PT disease) 
Fibula flap success 98% 
Donor site complications 4% 


AT — anterior tibial artery, PT — posterior tibial artery. 
* Arterial anomalies in 1 patient in both lower extremities. 





tery of the lower leg involved with disease would 
result in either pedicle artery (peroneal) insufficiency 
or a single donor extremity arterial supply following 
flap harvest. Either scenario places an unacceptable 
risk on the patient that can easily be avoided by pre- 
operative assessment and selection of an alternative 
donor site. 


A prospective series of fibula flap patients under- 
went preoperative AAI in conjunction with a CFD 
examination of the lower extremities. The AAI re- 
sults were correlated to CFD findings, and this re- 
port will discuss clinical decision-making regarding 
flap donor site selection. A matched control group 
of vascular patients with preoperative AAIs and an- 
giograms was analyzed and compared to the study 
population to demonstrate the usefulness of the AAI 
as a screening tool for lower leg vascular disease. 


METHODS 


Sixty-two patients being considered for fibula os- 
seocutaneous free tissue transfer for reconstruction 
of oromandibular defects were evaluated at the Uni- 
versity of Washington Medical Center between Oc- 
tober 1, 1995, and March 1, 1998. A protocol was 
approved by the University of Washington Human 
Subjects Committee for preoperative lower extrem- 
ity vascular examinations prior to fibula free flap sur- 
gery. All patients were informed regarding the study 
and the importance of preoperative lower extremity 
vascular evaluation, including alternative methods, 
and they consented to participate. 


The AAI and CFD evaluations of the lower ex- 
tremity were performed by a registered vascular tech- 
nologist. Initially, the AAIs were taken. This was per- 
formed by taking the ankle cuff pressures required 
to compress the anterior tibial, posterior tibial, and 
peroneal arteries. and dividing them by the highest 
brachial systolic pressure obtained in either of the 


upper extremities. The arterial pulse was located and 
monitored by an ultrasound transducer. The anterior 
tibial pulse was monitored on the dorsum of the foot 
at the ankle, the posterior tibial pulse was found be- 
hind the medial malleolus of the tibia, and the pero- 
neal pulse was located superior and posterior to the 
lateral malleolus. By means of an ATL-HDI scanner 
with a linear transducer (Advanced Technology Lab- 
oratories, Bothell, Wash), a CFD examination was 
then performed. A 5-MHz transducer was used while 
the subject was in the supine position. The popliteal, 
tibioperoneal trunk, peroneal, and proximal posterior 
tibial arteries were often best visualized while the 
patient was in a lateral recumbent position. The ex- 
amination started at the superficial femoral artery and 
continued with inspection of the vessels of the pop- 
liteal fossa and the tibioperoneal trunk. The proxi- 
mal anterior tibial, posterior tibial, and peroneal ar- 
teries were then traced distally to the foot in a sequen- 
tial fashion. Diameter measurements were made for 
the peroneal artery at its origin, at midleg, and at its 
distal extent. Cutaneous perforators from the pero- 
neal artery to the lateral leg skin were identified, tabu- 
lated, and marked with indelible ink for operative 
reference. A venous study was also performed to rule 
out deep venous thrombosis and to document the 
anatomy of the venae comitantes of the peroneal ar- 


.tery. A videotape of each examination was made. The 


average time required for examination was 60 min- 
utes. Specific instruments, settings, and guidelines for 
lower extremity examination are detailed by Hatsu- 
kami et al.8 


An age- and sex-matched group of patients seen 
at the University of Washington Medical Center Vas- 
cular Diagnostics Laboratory for evaluation of PAOD 
from January 1995 to March 1997 was also studied. 
This group contained patients with signs, symptoms, 
and/or risk factors for PAOD referred for CFD evalu- 
ation of their lower extremities. A total of 61 charts 
were reviewed from our vascular laboratory database. 
Only patients who received lower extremity angiog- 
raphy and had documented AAIs were included (N 
= 40). Patients whose vessels were noncompressible 
(indicative of severe diabetic arterial disease) were 
excluded from our review. 


RESULTS 


Six of 62 patients undergoing CFD prior to fibula 
free flap harvest were found to have significant 
PAOD, and each also had an AAI of less than 1. Eight 
extremities had significant anterior and posterior tib- 
ial artery disease (Table 1). All of these patients had 
significant involvement of the peroneal artery with 
disease by CFD that would have interfered with mi- 
crovascular anastomosis to the recipient vessels and/ 
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TABLE 2. CONTROL GROUP OF VASCULAR 











LABORATORY PATIENTS 
No. of patients 40 
No. of extremities 61 
© Male-female ratio 26/14 
Mean age 63.4 
AAI <1.0 and peroneal artery disease 27/54 (50%) 
AAI >1.0 and peroneal artery disease 0/4 (0%) 
AAI <1.0 and AT and/or PT arterial disease 39/46 (85%) 


AAI >1.0 and AT and/or PT arterial disease 7/13 (54%) 
AAI — ankle-arm index, AT — anterior tibia, PT — posterior tibia. 








or subsequent flap perfusion. Four of the 6 patients 
with PAOD had significant superficial femoral ar- 
tery disease. The other arteries of the lower leg might 
have been incapable of providing adequate perfusion 
to the donor extremity following flap harvest. In these 
patients, an alternative flap donor site was selected. 


All patients with normal findings on CFD had 
AAIs of greater than 1, and 98% of these patients 
proceeded to successful fibula free tissue transfer un- 
less the head and neck recipient site contraindicated 
it. In cases of vascular anomalies detected (N = 2), 
the AAIs were greater than 1. The 2 anomalies were 
found in 1 patient and resulted in the selection of an- 
other donor site. The anomalies were bilateral ab- 
sence of posterior tibial vessels. 


Review of the vascular laboratory comparison 
group revealed a strong predictive value of AAJ for 
lower leg vascular disease (Table 2). All patients with 
either peroneal or other lower leg PAOD found on 
angiography that would contradict fibula flap har- 
vest had an AAI of less than 1. All those with an AAI 
of greater than 1 had no significant disease of the 
peroneal artery. Other lower leg vascular disease (an- 
terior and posterior tibial arteries) was found at a rate 
of 54% in this group, but all these patients had a his- 
tory of vascular disease. Since our control group con- 
sisted of patients being evaluated for PAOD, the num- 


bers of AAIs greater than 1 are limited due to this 


bias. 


DISCUSSION 


The need for preoperative vascular assessment 
of the lower extremity when considering free fibula 
transfer is a controversial issue.> Large series of cases 
performed without the benefit of preoperative vas- 
cular assessment of any kind exist, and the authors 
reported no adverse sequelae.! Others have stressed 
the need for evaluation to anticipate difficulties with 
flap harvest due to PAOD or anomalous vessels.237 


Head and neck oncology patients who might re- 
quire-a fibula free flap share risk factors with the 
PAOD patient population. Most head and neck pa- 
tients are male, in their fifth to seventh decades of 


Consideration of fibula free flap | 
AAI of bilateral lower extremities 


Neither extremity 
with AAI>1 


Consider alternative 
donor site for 
reconstruction 












One or both lower 
extremities with 
AAI> 1 


Sees | CED exam of one or 
Sees | lower extremities 


Normal CFD exam | 
Proceed with 
Fibula Flap 


Suggested algorithm for decision-making for fibula free 
flap selection. AAI — ankle-arm index, CFD — color 
flow Doppler. 


Abnormal CFD exam 





Exclude Extremity 


Fy 


life, and are heavy smokers. It is not infrequent to 
encounter PAOD comorbidities of hypertension and 
atherosclerotic coronary artery disease in the head 
and neck cancer population as well. Ten percent of 
our fibula flap population had significant PAOD of 
the lower leg that resulted in a change of donor sites. 
For this reason, a comparison group of PAOD pa- 
tients was selected. 


The AAI has been a long-standing test used in vas- 
cular diagnosis. It has been extensively studied and 
correlated to other evaluation techniques for PAOD 
as well as clinical and operative findings of the dis- 
ease.? The AAI has been endorsed as a screening test 
for vascular disease by the American Heart Associa- 
tion.!° The AAI is greater than 1.0 in normal sub- 
jects. It decreases in proportion to the severity of ar- 


` terial obstruction. A single anatomic level of vascu- 


lar disease is usually seen in patients with an AAI 
greater than 0.5, whereas patients with multilevel dis- 
ease have an AAI of less than 0.5.!! The AAI is in- 
versely correlated with extent of coronary artery dis- 
ease in adults,!2 carotid intima media thickness,!3 and 
death in elderly women.? The only exception to the 
AAT threshold of less than 1 are those patients with 
severe diabetic vascular disease, who may have AAIs 
greater than 1 because their vessels are difficult to 
compress or noncompressible (up to 300 mm Hg). 
These patients often have historical data or clinical 
findings that facilitate their identification preopera- 
tively. Not only is the AAI a validated instrument 
for screening the lower extremity vasculature,!4 but 
it is a global assessment for all types of vascular dis- 
ease. 
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Our experience demonstrates that the AAI may be 
a useful screening test for fibula free flap selection. 
Our recommendations for its use are outlined in the 
Figure. The AAI is a quick, inexpensive, and nonin- 
vasive?!4 means to exclude patients from fibula flap 
selection who suffer from significant lower leg vas- 
cular disease. This simple procedure allows the sur- 
geon to consider other flap options preoperatively 
and avoid potential fibula flap or donor extremity 
complications. In those patients with an AAI of less 
than 1, a more costly procedure to evaluate the lower- 
extremity vasculature may be avoided. 


One patient in our series had bilateral posterior 
tibial arterial agenesis; both of her AAIs were greater 
than 1. Anomalous arterial anatomy alone may not 
affect the AAI. In the case of anomalous lower leg 
vasculature, distal extremity blood supply may origi- 
nate from branches off the peroneal artery, and sac- 
rifice of the same may result in compromised arte- 
rial supply for the donor extremity.! This creates a 
high risk of catastrophic ischemic sequelae of fibula 
flap harvest, which can only be prevented by preop- 
erative imaging. 


We recommend evaluation of the lower extremity 


vasculature with CFD in all fibula flap candidates 
with an AAI of greater than 1. This test allows for 
the direct visualization of the pedicle vessels and oth- 
er extremity vessels to exclude anomalous circula- 
tion. Our findings and those of others indicate a sig- 
nificant incidence of these anomalies that justifies 
preoperative imaging.! Furthermore, CFD allows for 
visualization of cutaneous perforators from the pero- 
neal artery that can be marked and used in designing 
the skin paddle portion of the flap.!5 Using this ap- 
proach to fibula flap reconstruction has resulted in 
minimal flap loss or donor site complications in our 
experience (Table 1). 


The AAI and CFD offer an economical and effi- 
cient means to evaluate the vasculature of the lower 
extremity. An abnormal AAI saves the cost of fur- 
ther lower-extremity evaluation and allows for con- 
sideration of alternative flaps. A normal AAI is con- 
firmed with a CFD that excludes anomalous circula- 
tion and allows for flap design planning. The infor- 
mation from the AAI is an excellent augmentation 
to the clinical database required for free flap selec- 
tion and reconstruction. We feel that these studies 
have made a positive impact on our reconstructive 
decision-making process, as well as our outcomes. 
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NITRIC OXIDE SYNTHASE TYPE 3 IS INCREASED IN SQUAMOUS 
HYPERPLASIA, DYSPLASIA, AND SQUAMOUS CELL CARCINOMA 
OF THE HEAD AND NECK 
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The implication of nitric oxide (NO-) in the multistep. process of carcinogenesis prompted us to examine the expression of 
endothelial constitutive nitric oxide synthase (NOS3) in head and neck squamous cell carcinoma (HNSCCa). Eleven paraffin- 
embedded samples of normal oral mucosa, 3 reactive oral lesions, 13 samples of squamous dysplasia, and 120 specimens of HNSCCa 
were immunostained with an anti-NOS3 monoclonal antibody and graded on a 0 to 4+ scale of intensity. Normal squamous mucosa 
demonstrated very little NOS3 expression. Areas of normal mucosa, reactive mucosa, and dysplastic lesions associated with inflam- 
mation tended to demonstrate regional expression of NOS3. Reactive mucosal lesions, squamous dysplasia, and HNSCCa demon- 
strated a significant (p < .0001) increase in global expression of NOS3. Therefore, NOS3 is expressed very little in histologically 
normal squamous mucosa, while squamous hyperplasia, dysplasia, and HNSCCa express significantly more NOS3. Regional varia- 
tion in NOS3 expression appears to be associated with perilesional inflammation. 


KEY WORDS — immunohistochemistry, monoclonal antibody, neoplasms, nitric oxide, squamous cell carcinoma. 


INTRODUCTION 


It is commonly held that a myriad of cellular in- 
teractions influence the development and growth of 
neoplastic disease. Within the past decade, signifi- 
cant effort has focused on various mutagenic insults 
hypothesized to contribute to the multistep process 
of carcinogenesis.! These mutational events may pro- 
mote tumor growth through sequential activation or 
inactivation of various genes within a cell, leading 
to increased expression of oncogene proteins, escape 
from cell cycle regulatory mechanisms, or escape 
from immune surveillance. This multistep process 
has been most extensively studied in colonic carci- 
noma.? Within head and neck cancers, certain muta- 
tional “hot spots” are believed to contribute to dys- 
plastic and eventual neoplastic changes seen in mu- 
cosal tissues.? Yet, the molecular mechanisms of the 
mutational events leading to head and neck squa- 
mous cell carcinoma (HNSCCa) remain to be com- 
pletely elucidated. 


A short-lived, arginine-derived nitrogen radical 
species, nitric oxide (NO-), has gained much atten- 
tion, being found in a multitude of seemingly diverse 
cellular populations. It apparently affects a wide 
range of cellular functions such as cell-to-cell inter- 
actions, cytotoxicity and cytostasis, homeostatic 


mechanisms, and numerous other physiological 
roles.4 Mounting evidence implicates NO- in anti- 
microbial activity. Gram-positive organisms are 
among the growing list of microbial species that dem- 
onstrate susceptibility to NO-.6 Furthermore, low lev- 
els of NO: production have been implicated in cellu- 
lar proliferation.’ 


Confusing the picture, NO- production has been 
proposed to represent a “double-edged sword,” with 
many potential pathophysiological roles being hy- 
pothesized, including carcinogenesis.’ It is known 
that NO: interacts with such species as oxygen, su- 
peroxide, transition metals, and thiols preferentially, 
before reacting with DNA nucleophiles.? Chronic 
low-level production of NO- may deplete the intra- 
cellular pool of scavenger molecules, leading to an 
increased likelihood of nucleophile interactions. 


The NO: synthase (NOS) enzyme family is respon- 
sible for NO: production, and contains 3 isoforms.!° 


. The endothelial constitutive isoform of NOS (ecNOS 


or NOS3) represents a low- -output NO- pathway that 
is predominantly involved in homeostatic process- 
es.4.10 Nevertheless, NOS3 is increasingly being 
found in numerous other cellular systems. To date, 
we are unaware of any studies linking NOS3 expres- 
sion with head and neck squamous cell carcinogen- 
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esis. In light of this lack of information, this study 
was designed to determine the pattern and intensity 
of expression of NOS3 in normal squamous muco- 
sa, reactive oral lesions, squamous dysplasia, and 
HNSCCa. 


MATERIALS AND METHODS 


Patient Data. One hundred twenty consecutive 
specimens of HNSCCa from 60 patients were se- 
lected from the archival pathology files of the VA 
Lakeside Hospital/Northwestern University Medi- 
cal Center. Criteria for exclusion included the lack 
of pathology records, inadequate formalin-fixed—par- 
affin-embedded tissue, and/or lack of available pa- 
tient data. Patient charts were reviewed and data were 
recorded on size of primary, TNM staging, grade, 
and follow-up when available. Additionally, a series 
of 11 normal oral mucosa specimens, obtained from 
uvulopalatoplasty and tonsillectomy specimens, 3 
samples of reactive oral lesions, and 12 samples of 
various stages of squamous dysplasia were stained 
with the anti-NOS3 monoclonal antibody (Mab). 


Anti-NOS3 Monoclonal Antibody. A Mab commer- 
cially available from Transduction Laboratories 
(Lexington, Ky) that has demonstrated specific ac- 
tivity against human NOS3!!.!2 was used for immu- 
nohistochemical analysis. Tissue specimens were 
formalin-fixed and paraffin-embedded, and hema- 
toxylin and eosin—stained sections were reviewed for 
histopathologic diagnosis. A single paraffin block 
was selected for each specimen, and 7-um sections 
were cut. Individual sections were sequentially de- 
paraffinized through a series of xylene, graded alco- 
hol, and water immersion steps. Endogenous perox- 
idase activity was neutralized with 3% hydrogen per- 
oxide. Slides were subsequently treated with normal 
horse serum in 1% bovine serum albumin in phos- 
phate buffered saline. Immunostaining was per- 
formed with NOS3 Mab and the avidin-biotin com- 
plex (ABC) method (Vector Laboratories, Burlin- 
game, Calif) as previously described.!> All incuba- 
tion steps were carried out for 15 minutes at 37°C. 
The chromogen used was 3'-3 diaminobenzidine tet- 
rahydrochloride. Slides were lightly counterstained 
with Harris’s hematoxylin for 1 minute, dehydrated, 
and coverslipped. 


Immunohistochemical Interpretation. Slides were 
subsequently reviewed in a blinded fashion by the 
study pathologist (G.K.H.). Each slide was evalu- 
ated for intensity of immunohistochemical staining 
reaction on a 0 to 4+ scale. The overall intensity of 
the staining reaction was scored, with 0 indicating 
no staining, 1+ weak staining, 2+ mild staining, 3+ 
moderate staining, and 4+ strong staining. 


Statistical Analysis. Statistical evaluation was per- 


formed with the SigmaStat statistical program (Jan- 
del Scientific Software, San Rafael, Calif). A Krus- 
kal-Wallis analysis of variance (ANOVA) on ranks, 
Student’s t-test, and Mann-Whitney rank sums were 
performed where appropriate. A p value of <.05 was 
considered significant. Survival was evaluated by the 
method of Kaplan and Meier.!4 Values listed repre- 
sent mean + standard deviation unless otherwise in- 
dicated. 


RESULTS 


We first examined the NOS3 pattern and inten- 
sity of expression in a group of normal oral mucosa 
samples (n = 11) obtained from 2 uvulopalatoplasty 
and 9 tonsillectomy samples. It was found that very 
little staining for this protein was obtained. The mean 
NOS3 staining intensity was found to be 0.9 + 0.7. 
Of the 2 cases that demonstrated histologic evidence 
of inflammation, the mean intensity was 1.5 + 0.5, 
whereas those samples that lacked inflammation (n 
= 9) demonstrated a staining intensity of 0.6 + 0.7. 


It was noted that 71% of those samples of normal 
oral mucosa that demonstrated any staining (21+ 
staining), and both samples demonstrating histologic 
evidence of an inflammatory response, demonstrated 
regional variation in NOS3 staining intensity. The 
characteristics of this regional variation tended to 
demonstrate high NOS3 staining intensity in basal 
and parabasal regions of the normal mucosa, with 
less staining found in the lower and middle spinosa 
layers. The intensity of NOS3 staining either re- 
mained low or significantly increased in the upper 
spinosa and stratum corneum. Neither histologic evi- 
dence of inflammation nor the presence of this pat- 
tern of regional NOS3 staining correlated with a his- 
tory of smoking. 


We also examined various samples of reactive mu- 
cosa (n = 3) and dysplastic squamous epithelium (n 
= 12) obtained from diagnostic biopsies of oral le- 
sions. Reactive lesions included 1 fibroepithelial hy- 
perplasia and 2 hyperkeratoses. Dysplastic samples 
included 5 samples of moderate dysplasia, 6 samples 
of severe dysplasia or carcinoma in situ, and 1 micro- 
invasive squamous cell carcinoma. The sites of ori- 
gin included 6 sites that were not specified in the 
pathology records, 4 tongue lesions, 2 samples from 
the floor of the mouth, and 1 specimen each from 
the buccal mucosa, soft palate, and labial gingiva. 
The mean staining intensity for NOS3 in reactive 
lesions was found to be 2.7 + 0.6, while the mean 
NOS3 expression in dysplastic lesions was found to 
be 2.3 +0.9. These were significantly different from 
the staining of normal mucosal samples (p < .0001; 
Table 1). Furthermore, individual subcategories of 
reactive lesions and dysplastic mucosa that contained 
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TABLE 1. NOS3 EXPRESSION FOR NORMAL MUCOSA 
VERSUS REACTIVE AND DYSPLASTIC LESIONS 


NOS3 Staining Intensity 
0.9£0.7*7§ 








Normal mucosa (n = 11) 
No inflammation (n = 9Y 
Inflammation (n = 2) 
Reactive mucosa (n = 3) 
Fibroepithelial hyperplasia 
(n= 1) 2.04 0.0 
Hyperkeratosis/hyperpara- 
keratosis (n = 2) 
Dysplastic mucosa (n = 12) 
Moderate dysplasia (n = 5) 
Severe dysplasia/carcinoma 
in situ (n = 6) 
Microinvasive squamous 
cell carcinoma (n = 1) 
Squamous cell carcinoma 
(n = 120) 2.6 + 1.1*§ 
Data are mean + SD. 0 — no staining; 1+— weak staining; 2+ — 
mild staining; 3+ — moderate staining; 4+ — strong staining. 
NOS3 — nitric oxide synthase type 3. 
*p < .0001 by ANOVA on ranks: power of performance = 0.993 (a 
= 0.05). 
tp < .0009 by ANOVA on ranks: power of performance = 0.965 (a 
= 0.05). 
$p < .05 by Dunn’s method of multiple comparisons. 


2.7 + 0.6*§ 


3.0 + 0.0T§ 
2.3 + 0.9*§ 
2.4+ 1.178 


2.3 £0.8T§ 


2.0 + 0.0 


enough samples to warrant statistical evaluation (ie, 
hyperkeratosis or hyperparakeratosis, moderate dys- 
plasia, and'severe dysplasia or carcinoma in situ) also 
differed significantly in mean NOS3 staining inten- 
sity when compared with normal mucosa (p < .0009; 
Table 1). By Dunn’s method of multiple compari- 
sons, all individual categories examined were found 
to be significantly different from normal mucosal 
staining intensity (p < .05; Table 1). Examples of 
staining characteristics for normal squamous mucosa 
and for squamous dysplasia are shown in the Fig- 
ure. 


The typical pattern of regional variation of NOS3 
expression was found in 60% of dysplastic lesions 
(n = 9). This regional variation tended to be present 
in more severely dysplastic lesions, in which 6 of 9 
lesions with regional variation were found in severe 
dysplasia (carcinoma in situ) and/or microinvasive 
squamous cell carcinoma. The other 3 lesions dem- 
onstrating this regional variation were found in sam- 
ples of fibroepithelial hyperplasia, hyperkeratosis, 
and moderate dysplasia. No data were available re- 
garding whether these patients went on to develop 
HNSCCa. The 2 lesions demonstrating only mild 
staining for NOS3 (ie, 1+ staining intensity) lacked 
either histologic evidence of inflammation or region- 
al variation in expression of NOS3. A trend was noted 
toward increased staining intensity in those lesions 
demonstrating histologic evidence of inflammation 


(n= 6: mean staining intensity 2.7 + 0.8) when com- 
pared with lesions that did not demonstrate histologic 
evidence of an inflammatory reaction (n = 9; mean 
intensity 2.2 + 0.8). 


These data were compared to areas of dysplastic 
mucosal changes found within a sample of HNSCCa. 
Strong NOS3 staining intensity was found in nor- 
mal skeletal muscle, endothelium, respiratory epithe- 
lium, and large salivary duct epithelium within the 
peritumor tissue, demonstrating no histologic evi- 
dence of neoplastic changes. Histologically normal 
squamous mucosa surrounding dysplastic tissue sam- 
ples (ie, lacking histologic evidence of dysplastic or 
neoplastic changes) again demonstrated the typical 
specific regional variation of NOS3 expression that 
was seen in all areas of mucosa examined (see Fig- 
ure). Intense focal staining for NOS3 was again found 
in the basal and parabasal areas, which was lost in 
the lower and middle layers of the stratum spinosum. 
The expression of NOS3 was again found to either 
decrease or significantly increase in the upper spi- 
nous and stratum corneum layers. Dysplastic muco- 
sa that surrounded these tumor samples demonstrated 
intense global staining for NOS3 that lost regional 
variation (see Figure). 


Our tumor panel represented primary lesions from 
a variety of upper aerodigestive tract sites. Included 
were oropharyngeal (n = 27), oral cavity (n = 16), 
hypopharyngeal (n = 10), nasopharyngeal (n = 2), 
and laryngeal (n = 5) samples. Most of our speci- 
mens were from advanced-stage lesions, with the vast 
majority being stage IV disease (n = 42), fewer stage 
III disease (n = 15), and much less fewer stage II 
disease (n = 3; Table 2). Neoplastic lesions had a 
wide range of NOS3 expression without regional 
variation, with 22.8% demonstrating 1+ staining in- 
tensity; 20.2% demonstrating 2+; 30.7% demonstrat- 
ing 3+; and 26.3% demonstrating 4+. The overall 
staining intensity of the samples of HNSCCa dem- 
onstrated significantly increased staining intensity 
for NOS3 (p < .0001) when compared to normal mu- 
cosal samples (Table 1). Staining characteristics did 
not significantly correlate with TNM staging, grade 
(Table 3), location of the primary, recurrence, final 
patient status, disease-free survival, or total survival. 


DISCUSSION 


Nitric oxide is a multifunctional molecule that is 
implicated in a wide array of physiological and path- 
ophysiological processes. Immunohistochemical 
analysis, in addition to other means of investigation, 
is revealing the vast diversity of tissues that express 
the NOS isoenzymes. Accordingly, the identification 
of a constitutive, cytosolic, calctum/calmodulin-de- 
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Squamous mucosa samples (original x200). A) Normal squamous mucosa without inflammation, demonstrating no staining 
for nitric oxide synthase type 3 (NOS3). B) Normal surrounding squamous mucosa demonstrating regional variation in ex- 
pression of NOS3. Basal and parabasal areas (thick arrow) demonstrate expression of NOS3, whereas middle spinous and 
stratum corneum areas (curved arrow) do not express NOS3. C) Squamous dysplasia demonstrating regional variation in 
expression of NOS3. Again, basal and parabasal areas (thick arrow) demonstrate expression of NOS3, whereas middle spinous 
and stratum corneum areas (curved arrow) do not express NOS3. D) Peritumor squamous dysplasia demonstrating intense 
global staining for NOS3. E) Squamous cell carcinoma demonstrating 1+ global staining intensity for NOS3. F) Squamous 
cell carcinoma demonstrating 4+ global staining intensity for NOS3. 


Beniz et al, Nitric Oxide Synthase 3 in Dysplasia & Carcinoma 785 


TABLE 2, NOS3 EXPRESSION BY TNM STAGING 


TABLE 3. NOS3 EXPRESSION BY GRADE 

















TNM Staging Criteria NOS3 Staining Intensity 
Tumor 
Ti (m=1) 3.0 0.0 
T2 (n=10) 2.6+1.1 
T3 (n=21) 2.5+1.0 
T4 (n = 29) 2.31.1 
Nodes 
NO (n= 14) 2441.1 
N1 (n= 15) 2.6+0.8 
N2 (n = 13) 2.241.2 
N3 (n = 20) 2.6+1.1 
Metastases 
MO (n = 57) 2441.1 
M1 (n= 3) 2.741 
Stage 
Stage II (n = 2) 2.0 + 1.4 
Stage III (n = 15) 2.7£0.8 
Stage IV (n = 46) 2.4+1.1 


Data are mean + SD. 0 — no staining; 1+ — weak staining; 2+ — ` 


mild staining; 3+ — moderate staining; 4+ — strong staining. 





pendent NOS activity within human keratinocytes 
has been reported. !° Our immunohistochemical data 
revealed that NOS3 was strongly expressed in nor- 
mal skeletal muscle, endothelium, respiratory epithe- 
lium, and large salivary duct epithelium. Addition- 
ally, in normal squamous mucosa not demonstrating 
_ evidence of inflammation, little expression of NOS3 
was found. The demonstration of NOS3 activity in 
keratinocytes may represent an up-regulation of 
NOS3 in proliferating cultured keratinocytes, and not 
the true expression pattern seen in vivo. 


Under “normal” physiological conditions, the ex- 
pression of NO- appears to be tightly controlled in 
numerous cellular populations. Within the cellular 
system we have studied, one could hypothesize that 
the expression of NOS3 may represent an antimicro- 
bial barrier within an environment of high microbial 
colonization, nonspecific response to mucosal in- 
flammation, or involvement in the initial steps of 
squamous cell proliferation or differentiation. Al- 
though NO- has been reported to inhibit cell growth 
in response to NO--generating vasodilators,!© there 
is evidence that the expression of NOS3 messenger 
RNA, protein, and activity is correlated with prolif- 
erating endothelial cells as opposed to cells in growth 
arrest.’ It was found that these cells, upon reaching 
confluence, demonstrated a precipitous drop in their 
NOS3 messenger RNA levels, which was followed 
by a similar drop in protein and NOS3 activity. It 
may be hypothesized that NOS3-dependent synthe- 
sis of NO- is an essential step in the process of squa- 
mous stem cell proliferation and/or squamous cell 
differentiation, but that it may also be a result of cel- 





NOS3 Staining 
Grade Intensity 
Well differentiated (n = 22) 25+ 1.1 
Moderately well differentiated (n = 70) 2441.1 
Poorly differentiated (n = 20) 2.74 1.1 


Data are mean + SD. 0 — no staining; 1+ — weak staining; 2+ — 
mild staining; 3+ — moderate staining; 4+ — strong staining. 





lular differentiation. 


It is now becoming increasingly evident that NO- 
represents a “double-edged sword” with overproduc- 
tion or aberrant production having deleterious effects, 
as opposed to its beneficial effects when appropri- 
ately produced.!7 Either NO- or its metabolic by- 
products may contribute to mutational events that 
lead to the development of cancer.!8 Although typi- 
cally found in low concentrations under physiologi- 
cal conditions, NO- can induce cytotoxic and muta- 
genic effects. It reacts with superoxide (O-2) to form 
peroxynitrite (ONOO-). Peroxynitrite is a highly cy- 
totoxic and mutagenic radical,!9 but it can further 
decompose to a toxic hydroxyl radical (OH-) and ni- 
trogen dioxide (NO2).”° Peroxynitrite can further oxi- 
dize sulfhydryl groups, subsequently inducing mem- 
brane lipid peroxidation.2! Alternatively, NO- can be 
directly oxidized to NO2, which may induce DNA 
damage.”? In addition, reaction of NO- with hydro- 
gen peroxide has been shown to. produce potentially 
cytotoxic singlet oxygen species.? Furthermore, me- 
tabolism in an acidic environment converts nitrite to 
nitrous acid (HNO2), which can yield N203 or 
H2NO2? reacting with amines and amides to form N- 
nitroso compounds (NOC). In a neutral pH environ- 
ment, bacteria can convert nitrite to N203 and N204, 
again forming NOC. These NOC have been impli- 
cated in the carcinogenesis of numerous organs.!8 
In fact, it has been suggested that distant organs may 
be affected by these processes, either through NOC 
or peroxynitrite, which might diffuse a considerable 
distance before reacting with cellular nucleophiles.24 
Moreover, in certain neoplastic diseases, carcinogen- 
esis has been associated with aberrant expression of 
NOS.?5 Interestingly, NOC appear to be associated 
with A:T—G:C transitions found in p53 mutational 
“hot spots.”!8 Furthermore, recent evidence impli- 
cates NO: in conformational and functional modifi- 
cations in wild-type p53 seen in chronically inflamed 
tissues.26 Conversely, wild-type p53 has been shown 
to decrease the expression of the inducible NOS iso- 
enzyme (iNOS or NOS2).?’ Furthermore, NO- has 
been implicated in the inhibition of DNA repair,?8 
but whether NO-, NOC, or other redox species are 
responsible is a matter of debate.!9 


Few studies have explored the contribution of in- 
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dividual isoenzymes to this mutagenic potential. All 
3 NOS species were examined in a small group of 
HNSCCa patients by means of immunohistochemi- 
cal techniques.29 The data indicated that NOS3 and 
the inducible isoform (NOS2) are present within the 
microenvironment of HNSCCa. Nevertheless, little 
characterization of the staining pattern of the NOS3 
isoenzyme was reported. The study found NOS ac- 
tivity in 80% of the tumor samples (with an anti- 
citrulline and anti-iNOS antibody) with staining, be- 
ing found throughout the tumor thickness, and most 
intensely around keratin pearls. On the other hand, 
NOS3 (e-NOS) was only found to have variable stain- 
ing in vascular endothelium in 40% of their samples. 
In that report, no NOS3 staining characterization was 
done in histologically normal surrounding structures 
or surrounding squamous mucosa. The lack of evi- 
dence of NOS3 in surrounding mucosal keratinocytes 
differs from the results herein and previously re- 
ported.!5 This may represent differences in fixation 
of the antigen being examined, or differences in the 
antibody sensitivity or specificity. 


Our data do not demonstrate an apparent correla- 
tion between the expression of NOS3 and such clini- 
cally relevant factors as TNM stage, grade, primary 
site, disease-free or total survival, or final patient 
status. This finding is in agreement with previously 
reported results. Nevertheless, we did find changes 
in the expression pattern of NOS3 as the mucosa un- 
dergoes a transition from inflammation to dysplasia 
and finally to frank carcinoma. The appearance of 
an inflammatory reaction brought about a regional- 
ly specific expression pattern of NOS3. This region- 
ality of NOS3 expression was preserved in dysplas- 
tic lesions, but was lost in peritumor dysplasia and 
neoplasia. Dysplastic lesions surrounding tumor foci 


and neoplastic disease of the oral mucosa demon- 
strated global expression of NOS3 without regional 
variation. Additionally, dysplasia demonstrated in- 
tense global staining, while carcinoma was found to 
have a spectrum of global staining. 


These data suggest a progressive change in NOS3 
expression that may be evident before histologic 
signs of dysplasia appear. Social behaviors contrib- 
uting to “field cancerization” of the upper aerodiges- 
tive tract in these patients may induce numerous mu- 
tational events long before becoming evident mor- 
phologically. In agreement with our data, normal 
squamous mucosa from 5 tonsillectomy and uvulo- 
palatoplasty patients in a previous report showed very 
little mucosal staining for NOS3.!9 No risk factor 
history was reported for these controls. 


The dysplastic areas surrounding our HNSCCa 
samples were found to have a global increase in 
NOS3 expression. One could hypothesize this to be 
a result of mutational events in inhibitory pathways 
of expression of NOS3. These inhibitory pathways 
may contain mutational “hot spots” like those found 
in the p53 tumor suppressor gene. The increased ex- 
pression of NOS3 may increase concentrations of 
potential mutagenic species within a dysplastic and 
already tenuous microenvironment. The wide varia- 
tion of NOS3 within HNSCCa may reflect contin- 
uing genomic insults in promoter or inhibitor regions 
of NOS3 expression, or in the gene for NOS3 itself. 
Alternatively, this variation in expression may re- 
flect the evolution of a heterogeneous cellular popu- 
lation. Current studies are directed at exploring the 
contributions of both NOS3 and NOS2 isoenzymes 
in mutational events leading to head and neck squa- 
mous cell carcinogenesis. 
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CORRECTING VOCAL FOLD IMMOBILITY BY AUTOLOGOUS 
COLLAGEN INJECTION FOR VOICE REHABILITATION 


A SHORT-TERM STUDY 
MARC REMACLE, MD, PHD GEORGES LAWSON, MD 
MONIQUE DELOS, MD JACQUES JAMART, MD 


YVOIR, BELGIUM 


We report on a short-term clinical study of injectable autologous collagen (Vocalogen) used to correct dysphonias arising from 
vocal fold immobility. The collagen is extracted from skin taken from the lower abdominal quadrant area or from just above the 
bikini line. About 30 cm? of skin are required to provide 2 mL of injectable collagen. The histologic examination of the preparation 
before injection disclosed the presence of elastin fibers and some clusters of epithelial cells, beside the collagen fibers. The collagen 
is naturally reticulated, and the molecule is preserved in its entirety. The technique is exactly the same as that reported for bovine 
collagen: injection into Reinke’s space, under general anesthesia, monitored by direct microlaryngoscopy. The amount injected is 
also similar: 1.5 mL for correction of glottic insufficiency in which the immobile vocal fold is in the intermediate position. Eight 
patients were injected, and the average follow-up was 4.5 months. Voice assessments made before and after the treatment included 
stroboscopy, subjective and perceptual judgments, and aerodynamic and acoustic measurements. The functional results were similar 
to those obtained with bovine collagen. No complications arose. The probability: of any hypersensitivity reaction, always a possibility 
to be feared with bovine collagen, is negligible with the autologous collagen. Long-term results are as yet unknown, but from the 
fact that the collagen molecular structure is intact and there is little risk of foreign body response, it would be expected that autologous 
preparations would be more stable than bovine collagen; this appears to be the case in cosmetic applications. Autologous collagen 
could be employed for the same indications as bovine collagen, provided that a delay of 45 days (the time required to prepare the 
injectable collagen) is acceptable. The amount of collagen required is also a limiting factor, since the patient’s own skin is the 
starting donor material. 


KEY WORDS —- autologous collagen, injectable substance, vocal fold immobility, voice rehabilitation. 


INTRODUCTION 


Various clinical trials with injectable bovine colla- 
gen have indicated its usefulness for rehabilitation 
of the voice and deglutition in cases of glottic insuf- 
ficiency or immobility!-3 resulting from paralysis, 
atrophy, scarring, and ablative surgery of the larynx.* 
It has also been shown to be effective in cases of 
velopharyngeal insufficiency’ and in cases of leakage 
around a vocal prosthesis after total laryngectomy.® 
No short- or long-term intolerance that could be di- 
rectly attributed to the collagen has been reported to 
date.7-9 


Although widely employed in cosmetology with 
the approval of the Food and Drug Administration 
in the United States and authorized on the French 
market (AMM; Autorisation de Mise sur le Marché), 
the product has never received the same endorsement 
for use in the pharynx or the larynx, despite the fact 
that the immunologic risks are, for all practical pur- 
poses, identical. Further, the manufacturers have nev- 
er undertaken the required premarketing authoriza- 
tion procedures. !3 


Injectable bovine collagen is, however, used in 
many countries. The outbreak in Europe, and partic- 
ularly in Great Britain, of bovine spongiform enceph- 


Injected in its reticulated form obtained by cross- alopathy, and the risk of its being transmitted to hu- 


linking with glutaraldehyde, GAX bovine collagen 
(Phonagel; Zyplast; Collagen Corporation, Palo Alto, 
Calif), when used to treat vocal fold immobility, has 
shown 20% degradation of functional results after 
41/2 years of follow-up; this requires a 20% overin- 
jection.!° From a biological point of view, it behaves 
as an active bioimplant resembling human connective 
tissue, stimulating ingrowth and resulting in its partial 
replacement by host human connective tissue.!1.12 


mans in the form of Creutzfeldt-Jakob disease, has 
increased patient fears of its use. 


Ford et al!4 were the first to use injectable autolo- 
gous collagen (Vocalogen; Collagenesis, Beverly, 
Mass) to correct glottic insufficiency. This product, 
prepared from the patient’s own skin, eliminates the 
risk of an immune response. This is the same collagen 
that we have used, according to our technique and 
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TABLE 1. POPULATION BREAKDOWN 

















Age Immobility Complementary Follow-up 

Patient Sex {(y) Side Position Cause Treatment {mo} 

1 M 72 Left Intermediate Pneumonectomy Speech therapy 7 

2 F 68 Left Intermediate Viral Speech therapy 7 

3 M 77 Left Intermediate Lung cancer Speech therapy 6 

4 M 71 Left Intermediate Aortic artery aneurysm 4 

5 M 62 Left Intermediate Pneumonectomy Speech therapy 4 

6 M 67 Left Intermediate Pneumonectomy Speech therapy 2 

7 M 62 Left Intermediate Pneumonectomy Speech therapy 5 

8 M 52 Right Intermediate Jugulotympanic glomus Speech therapy 0.5 


indications, for voice rehabilitation in cases of vocal 
fold immobility. 


MATERIALS AND METHODS 


Our series consists of 8 patients (1 woman and 7 
men) between 52 and 77 years of age (median 67.5 
years) at the time of the injection. All 8 suffered from 
paralysis of 1 vocal fold (7 left, 1 right) in the inter- 
mediate position. The immobility was considered 
permanent (4 after lung lobectomy for cancer, 1 of 
viral origin, 1 due to a lung cancer, 1 the result of an 
aortic aneurysm, and 1 after resection of a jugulo- 
tympanic glomus; Table 1), and definitive treatment 
seemed indicated. The affected vocal folds were 
atrophic and bowed. According to the functional voice 
assessments (Table 210.15) and the position of the 
paralyzed vocal fold, a satisfactory recovery was not 
expected with speech therapy alone. The preopera- 
tive and postoperative assessments were based on 
videostroboscopy as well as on data provided by the 
EVA (French acronym for Assisted Voice Evaluation) 
analyzer (National Center for Scientific Research 
[CNRS], Aix-en-Provence, France).!6 This analyzer 
provides measurement of the maximum phonation 
time, volume of air expired during phonation, mean 
flow rate, usual fundamental frequency, mean inten- 
sity, buccal airflow, jitter, and shimmer. Further, a 
histogram of intensity as a function of the frequency 


between 0 and 1,000 Hz, obtained with the BK 2033 
high-frequency voice analyzer (Bruel & Kjaer, Nae- 
rum, Denmark), was marked on a 0 to 4 scale, accord- 
ing to our classification. 10-15 


The 3 options of surgery available in our depart- 
ment (type I thyroplasty according to Isshiki et al!7; 
injection of bovine collagen; and injection of autol- 
ogous collagen) were proposed to the patients, and 
they all chose and consented to an injection of autol- 
ogous collagen. 


The skin required for extraction of the collagen 
was taken, under local anesthesia, from either the 
lower abdominal quadrant, as recommended by Ford 
et al,!4 or just above the bikini line. A 1 x 5-in section 
(or 30 cm2) of skin is necessary to produce 2 mL of 
injectable collagen, which was the amount necessary 
in this study for the treatment of paralysis in the in- 
termediate position.!° The skin sample was placed 
in sterile saline in a sterile container and frozen before 
being sent with coolant in a styrofoam container to 
Collagenesis. Once prepared, the collagen was re- 
turned, ready for use, in 1-mL tuberculin syringes. 
At present, it takes approximately 45 days for the 
skin sample to be turned into finished, ready-to-use 
collagen. The autologous collagen syringes can be 
stored for up to 6 months in a refrigerator at 2°C to 
6°C. 


TABLE 2. INDIVIDUAL RESULTS OF OBJECTIVE VOICE ASSESSMENT BEFORE AND AFTER 














COLLAGEN INJECTION 
MPT PV MFR BAF Fo Int Jitter Shimmer 
(s) (dm?) (dm3!s) (dm3/s) (Hz) (dB) (%) (%) Class 
Patient Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
1 2.1 46 0.82 0.86 0.39 0.19 0.58 0.22 113 121 67 68 13 07 03 03 2 3 
2 10.0 14.0 0.30 0.17 0.02 0.01 0.09 0.01 220 259 68 65 0.3 29 01 02 3 3 
3 5.8 10.1 0.54 0.12 0.09 0.01 0.03 0.10 247 157 85 82 25 29 02 04 3 3 
4 7.0 26.9 1.18 1.27 0.17 0.05 0.26 0.05 93 165 59 83 12.1 209 08 0.4 1 2 
3 5.0 14.0 1.05 0.89 0.21 0.06 0.03 0.10 225 155 67 71 19 13 03 O1 2 3 
6 1.9 88 0.93 1.07 0.50 0.12 0.70 0.10 139 134 67 75 204 05 02 03 1 2 
7 4.2 87 1.92 2.14 046 0.25 0.65 0.17 180 167 72 82 3.2 04 02 02 2 4 
8 3.0 7.3 0.53 0.54 0.27 0.07 0.25 0.06 152 133 65 76 153 195 05 08 2 3 
MPT —- maximum phonation time; PV — volume of air expired during phonation; MFR — mean flow rate; BAF — buccal airflow; Fo — 


fundamental frequency; Int — mean intensity; class — according to references 10 and 15. 
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The autologous collagen fibers are suspended in 
a neutral phosphate buffer. Electron microscopy has 
shown the collagen fibers to be intact, with normal 
banding and periodicity. Unlike bovine collagen, the 
autologous collagen is not solubilized by enzyme or 
chemical treatment. The collagen fibers appear iden- 
tical to collagen fibers in dermal bundles.'4 


Macroscopically, autologous collagen is similar 
to bovine collagen. A histologic examination of this 
autologous collagen was carried out before injection 
(Fig 1). Besides the collagen fibers, elastin fibers 
and some clusters of epithelial cells were observed. 


The injection was carried out under general anes- 
thesia and high-frequency jet ventilation using direct 


Fig |. Histologic examination before injection. A) 
Bundles of collagen fibers (H & E, original x400). 
B) Presence of elastin fibers and clusters of epi- 
thelial cells (arrow: orcein stain, original x400). 


laryngoscopy according to the technique we pro- 
posed for bovine collagen.' The injection was made 
into the lamina propria in 3 or 4 sites. The 2 main 
sites were situated anterior and lateral to the vocal 
process. It is also advisable to inject medial to the 
vocal process so as to obtain better glottic closure, A 
fourth injection site, more anteriorly, may be neces- 
sary if the diffusion of the collagen toward the an- 
terior commissure from the first injection site in front 
of the vocal process is insufficient. The total amount 
injected was about 1.5 mL. It seems advisable to ob- 
tain a 20% hypercorrection, just as for bovine colla- 
gen. The remaining collagen in the syringe may be 
used to inject the other vocal fold if the patient is 
also suffering from presbyphonia with contralateral 
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Fig 2. Direct laryngoscopy in patient with paralysis of left vocal fold. A) Aspect before injection. B) Aspect aft 
About 0.2 mL was also injected into right vocal fold (presbyphonia) 


atrophy (Fig 2). 

We use the injector we developed with a manufac- 
turer (Remacle Injector; Pouret, Paris, France) for 
bovine collagen. The disposable needle has been 
modified and is 25-gauge (Fig 3). 


Oral antibiotherapy (amoxicillin—clavulanic acid) 
was administered for 5 to 6 days. Voice rest was lim- 
ited to the first day. Discharge from the hospital was 
allowed on the same day. The patients came for a 
first examination between 10 and 15 days after the 
operation. Speech therapy was advised as a supple- 
ment to the injection. 

RESULTS 

The 8 patients were neither concerned about the 
scar left after the skin removal, nor were they ham- 
pered in their daily activity, From the technical point 
of view, we did not encounter any inherent difficulty 
with the collagen preparation. The ready diffusion 
of the autologous collagen in Reinke’s space was 
comparable to that of bovine collagen. 


No postoperative complications arose. None of the 


Fig 3. Injector for direct laryngoscopy mounted 
with disposable needle and syringe containing 
autologous collagen. 


8 patients suffered any secondary local or general 
reaction either immediately or in the days that fol 
lowed. 

Resumption of speech, authorized on the first post 
operative day, caused no problems, and an improve 
ment of the quality of speech was noted immediately 
by the patients. Several sessions of speech therapy 


were, nonetheless, proposed to enable the patient to 
adapt to the changes. This addressed reducing com 
| 


pensatory laryngeal hyperfunction that had devel 
oped secondary to the paralysis. 


Stroboscopy disclosed a reduction or correctioi 
of the glottic gap. The injected vocal folds kept their 
normal color and retained their vibratory amplitude 
Asymmetry of the vibration phase without phonatory 
expression was, however, observed. 


Individual measurements and summary values are 
reported in Tables 2 and 3, respectively. Table 3 shows 
a Significant improvement of aerodynamic parame 
ters such as maximum phonation time (p = .012) 
mean flow rate (p = .012), and buccal airflow (p 
.036), but not for acoustic parameters measured by 
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TABLE 3. MEAN AND MEDIAN VALUES OF OBJECTIVE VOICE ASSESSMENT BEFORE AND AFTER 
f COLLAGEN INJECTION (N = 8) l 
































Pre Post Wilcoxon Signed Rank 
Mean +SD Median Mean + SD Median Test 
MPT (s) 4.88 + 2.73 4.60 11.79 + 6.87 9.45 p= .012 
PV (dm3) 0.91 + 0.50 0.88 0.88 + 0.65 0.88 NS 
MER (dm3/s) 0.26 + 0.17 0.24 0.10 + 0.09 0.07 p=.012 
BAF (dm3/s) 0.32 + 0.28 0.26 0.10 + 0.07 0.10 p = .036 
Fo (Hz) 171 + 56 166 161 +43 156 NS 
Int (dB) 69 +8 67 7S£7 76 NS 
Jitter (%) TALT7 2.8 6.14 8.7 2.1 NS 
Shimmer (%) 0.3 40,2 0.2 0.3+0.2 0.3 NS 
Class 2 3 p = .028 


NS — not significant. See Table 2 for other abbreviations. 





the EVA analyzer. 


The use of our classification of spectral analysis 
graphs from 0 to 4!015 shows an improvement from 
2 to 3 (median values, p = .028). We found the same 
values in bovine collagen studies.! 


DISCUSSION 


Concerning intensity, measurement of intensity 
range instead of mean intensity is perhaps a more 
sensitive assessment of improvement. Low- and 
high-intensity sound production with minimal sub- 
glottic air pressure requires good glottic closure dur- 
ing phonation and suppleness of the vocal folds. 


As with the bovine preparation, the use of autolo- 
gous collagen did not present a technical problem. 
Macroscopically, there are no differences between 
the 2 preparations. The same equipment, anesthesia, 
and injection technique can be employed as we de- 
scribed for bovine collagen.! 


Injection in front of the vocal process is similar to 
the technique used by Ford et al,? monitored with 
indirect laryngoscopy. Injection lateral to the vocal 
process is especially useful if it concerns a paralysis 
without cricoarytenoid joint ankylosis. The medial 
displacement of the arytenoid body favors correction 
of the glottic gap. The injection in this site is not 
placed in Reinke’s space, but between the vocal pro- 
cess and thyroid ala in the posterior part of the in- 
ferior thyroarytenoid muscle. 


These first 2 points are often sufficient to obtain 
an adequate medialization. Injection with a 25-gauge 
needle allows easy diffusion of the collagen. 


The same therapeutic indications as those pre- 
sented previously for bovine collagen appear appro- 
priate, including congenital or acquired atrophy, pa- 
ralysis, and scars. 


In case of paralysis, the algorithm proposed for 


bovine collagen, combining microsurgery and speech 
therapy, is applicable. Speech therapy is often suffi- 
cient in case of paralysis in the paramedian position. 
We inject only those patients complaining of vocal 
fatigue despite speech therapy, or patients who re- 
fuse speech therapy. On the other hand, for paraly- 
ses in the intermediate position or in complete ab- 
duction, speech therapy will be insufficient. Speech 
therapy is an indispensable complement to the injec- 
tion procedure and is used routinely unless the patient 
refuses. 


One of the limiting factors for using autologous 
collagen is the amount of skin available. Indeed, 
about 30 cm? of skin is required to provide 2 mL of 
injectable collagen. Certain indications, in which 
amounts of 5 to 8 mL are necessary, such as velopha- 
ryngeal insufficiency’ or correcting aspiration fol- 
lowing reconstructive surgery, can therefore pose a 
problem. Another limiting factor is, at present, the 
45 days required to process the skin and provide the 
final collagen preparation. A third limiting factor is 
the abdominal scar, which, however, remains discreet 
if it is situated at the bikini line. 


At present, when faced with the choice, patients 
prefer autologous rather than bovine collagen so as 
to avoid the risk of immune response or transmission 
of illness. It is noteworthy that no hypersensitivity 
reaction or any transmission of disease has yet been 
reported in large series using bovine collagen.”!° 


Apart from there being a markedly reduced risk 
of immune reaction or transmissible disease com- 
pared to use of bovine collagen, it was primarily the 
likelihood of more stable results that attracted us to 
autologous collagen. The cross-linked form of bovine 
collagen (Zyplast and Phonagel) had already led to 
more stable results, without hypersensitivity reac- 
tions, than the earlier forms (Zyderm I and II). Thus, 
in the case of paralysis of the vocal fold, we had al- 
ready observed quantitative improvements of speech 
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as measured by a phonatory quotient of 67% in the 
short term and 49% in the long term, after a median 
follow-up of 4!/2 years.!° A better persistence of re- 
sults is expected with autologous collagen, because 
here the collagen molecule is left intact after the pro- 
duction process, maintaining the telopeptides or the 
nonhelicoidal parts of the collagen molecule. In the 
preparation of bovine collagen, these units have to 
be cleaved to reduce antigenicity and the risk of al- 
lergic reactions in the human host. On the other hand, 
the intact telopeptides are essential for the quarter- 
stagger formation of collagen fibers and the forma- 
tion of intermolecular cross-links between adjacent 
collagen molecules. This organization is entirely pre- 
served in Vocalogen, which provides more resistance 
to degradation by proteases than that obtained with 
reconstituted bovine collagen. !4 


The presence of elastin fibers that can be seen (Fig 
1B) inthe preparation does not create a problem, since 
these fibers are also a natural component of the lam- 
ina propria. 


The presence of epithelial cells (Fig 1B) in the 
implant appears insignificant in the short term. How- 
ever, the development of an epidermoid cyst could 
be feared in case of viability of these cells. According 
to our pathologist (M.D.), the absence of organization 
of these cells and their low number make this risk 
unlikely. 


It seems to us that collagen is the least objection- 
able of the injectable bioimplants for the endoscopic 
treatment of glottic insufficiency. Fat has shown its 
effectiveness in correcting vocal fold paralysis,!8 but 
it is also susceptible to a relatively rapid resorption,!9 
and it cannot be injected with 22-gauge or smaller 
needles, so its applications are limited. Teflon’s po- 
tential to migrate and the inflammatory reactions it 
causes are well known.2° 


Autologous collagen, therefore, should be retained 
among the various solutions proposed for the treat- 
ment of glottic insufficiency. In our opinion, it is the 
bioimplant of choice among the proposed injectable 
substances. 
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Leiomyosarcoma involving the larynx is extremely rare and may be difficult to diagnose. Likewise, because of the rarity of this 
lesion, little information exists with regard to long-term follow-up or optimal management. Reported here is a review of the literature 


and a case report of a patient with leiomyosarcoma of the larynx treated by surgery alone with 5 years of follow-up 
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INTRODUCTION 


Leiomyosarcoma (LMS) is a malignant soft tis- 
sue tumor of smooth muscle origin. The incidence 
of LMS is reported at 5% to 6% of all soft tissue 
sarcomas and occurs primarily in the uterus, gastro- 
intestinal tract, and retroperitoneum.! There are 20 
reported cases of LMS in the nose and paranasal si- 
nuses.* However, there are only 5 reported cases of 
laryngeal LMS in the English-language literature, the 
first by Frank? in 1941 and the most recent by Chen 
et al? in 1991. The long-term results in these reports 
are even more limited, with only | report providing 
a 3-year follow-up.* Thus, due to the uncommon na- 
ture of this lesion, very little information exists re- 
garding effective treatment modalities with reliable 
follow-up. We present a case of a TINOMO subglot- 
tic LMS treated by total laryngectomy with a 5-year 
follow-up. 


CASE REPORT 


A 72-year-old man presented in October 1992 with 
a 2-month history of increasing shortness of breath, 
hoarseness, stridor, and a foreign body sensation in 
his throat. His past medical history was negative for 
other illnesses, and the patient was a nonsmoker. On 
physical examination, the patient was mildly stridor- 
ous and short of breath. Fiberoptic laryngeal exami- 
nation demonstrated a smooth, round, subglottic mass 
obstructing approximately 50% of the patient's air- 
way. The remainder of the examination findings were 
unremarkable. An axial computed tomography (CT) 
scan (Fig 1) demonstrated a right subglottic soft tis- 
sue mass measuring approximately 2 cm with ques- 
tionable involvement of the right true vocal cord. No 
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cervical adenopathy was noted. 


The patient was taken to the operating room, where 
a direct laryngoscopy and biopsy of the mass was 
performed. Subsequently, the subglottic mass was 
debulked with biopsy forceps and an yttrium-alumi- 
num-garnet laser. A frozen section of the biopsy was 
interpreted as consistent with sarcoma. One week 
later, the patient was returned to the operating room, 
where he underwent a total laryngectomy (Fig 2) and 
primary tracheoesophageal puncture. Microscopic 
examination of the resection specimen revealed an 
exophytic polypoid cellular pleomorphic spindle cell 
neoplasm. The tumor cells exhibited elongated blunt 
vesicular nuclei, small nucleoli, focal multinuclea- 
tion, and eosinophilic cytoplasm with an infiltrative 
fascicular to storiform growth pattern. Numerous 
atypical mitotic figures were noted, with a mitotic 





Fig |. Axial computed tomography scan demonstrating 
right subglottic mass. 
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Fig 2. Laryngectomy specimen opened anteriorly, dem- 
onstrating lesion. 


count of 98 mitoses per 50 high-power fields (HPFs: 
Fig 3). Immunohistochemical stains demonstrated the 
tumor to be positive for vimentin and smooth muscle 
actin. Stains for cytokeratin (AE1/3), epithelial mem- 
brane antigen, desmin, S-100 protein, and factor VIII 
were negative. No associated dysplastic mucosa, car- 
cinoma in situ, or invasive squamous cell carcinoma 
was identified. A diagnosis of LMS was established. 
Histologically, the tumor extended into the paraglottic 
space, but did not invade the cricoid cartilage. The 
surgical resection margins were negative. The pa- 
tient’s postoperative course was unremarkable. He 


= 
Fig 3. Histologic section demonstrating 
pleomorphic malignant spindle cell pro- 
liferation with high mitotic rate (H & E. 
original x25), 





was sent for speech therapy and progressed well with 
his tracheoesophageal speech. The patient was fol- 
lowed closely over the next 5 years without compli- 
cations. As of September 1997, the patient was do- 
ing well, without evidence of disease. 


DISCUSSION 


Cancers of the larynx account for about 2% of all 
reported malignancies: most of these are carcinomas. 
Fewer than 1% of laryngeal cancers are sarcomas or 
malignant tumors of mesenchymal origin.® In fact, 
primary laryngeal sarcomas collectively compose 
only 0.3% to 1% of laryngeal malignancies.’ Since 
the majority of the smooth muscle in this region is 
found in the walls of blood vessels, LMS is rarely 
the first diagnosis considered for a mass in this re- 
gion. The complex and often tedious measures needed 
for diagnosis make it hard to differentiate LMS from 
other spindle cell tumors found in this region. 


The average age of presentation of LMS of the 
head and neck is the fifth to sixth decades of life.* 
There appears to be no association with smoking or 
alcohol use. Common presenting symptoms are those 
of dysphonia, dysphagia, and stridor. On gross ex- 
amination, tumors are typically encapsulated and 
smooth on cut surface. On light microscopic exami- 
nation the tumor shows interlacing bundles or fas- 
cicles of spindle-shaped cells with multinucleate, 
pleomorphic nuclei. On first inspection this may, as 
in our case, be initially labeled as a spindle cell tu- 
mor. However, when immunohistochemical studies 
are performed, the differences become more appar 
ent. Immunohistochemistry shows that LMS is posi- 
tive for vimentin, smooth muscle actin, and neuron- 
specific enolase while being negative for keratin, epi- 
thelial membrane antigen, desmin, S-100 protein, and 
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factor VIH. It becomes apparent that immunohisto- 
chemical studies are a necessary component to the 
diagnosis of LMS. Electron microscopic examina- 
tion is also a useful component to the diagnosis, since 
LMS may be confused with spindle cell carcinoma, 
fibrosarcoma, rhabdomyosarcoma, malignant fibrous 
histiocytoma, malignant peripheral nerve sheath tu- 
mors, neurofibrosarcoma, and synovial sarcoma. It 
is common to observe pinocytotic vesicles, dense bod- 
ies, basement membrane, and microfilaments under 
electron microscopy.” 


Once the diagnosis is made, it is also important to 
characterize the tumor. It is generally agreed that the 
degree of mitotic activity and, to a lesser extent, tu- 
mor size are the most important prognostic indica- 
tors.4 It is not uncommon to see many mitotic fig- 
ures per HPF. Our specimen showed 98 mitotic fig- 
ures per 50 HPF. According to Stout and Hill,’ the 
number of mitotic figures per HPF is the most im- 
portant criterion of malignancy, with benign tumors 
exhibiting 4 or fewer mitoses per HPF. Regarding 
tumor size, malignant tumors tend to be greater than 
5 cm in diameter.! 


Leiomyosarcomas of the head and neck tend to 
metastasize hematogenously to the lungs, and care- 
ful follow-up imaging is necessary. Regional lymph 
node involvement tends to occur late, unless the nodes 
are involved by direct extension, and does not ex- 
ceed 10% to 15%. 


Once a proper assessment and staging has been 
completed, treatment must be addressed. The treat- 
ment of head and neck LMS by wide local extirpa- 
tion is generally agreed to be the most appropriate 
therapy.4>8 


Due to the limited number of reported cases, the 
survival statistics are inadequate. Chen et al* describe 
a successful 18-month postoperative follow-up, and 
Rowe-Jones et al? describe 3 months of follow-up. 
Both chose some form of extirpation with postopera- 
tive irradiation, with successful patient recovery. 


Tewary and Pahor’ describe total laryngectomy with- 
out postoperative irradiation and a 3-year follow-up. 
Our case involved complete resection with no post- 
operative irradiation and a total of 5 years of follow- 
up. While the number of reported cases is too small 
to be conclusive, it appears that local resection of 
LMS of the larynx, where possible, is the appropri- 
ate therapy. Cervical lymph node dissection is usu- 
ally not required. Generally, these are treated as if 
they are LMSs of some other area of the head and 
neck, for which more information exists. It has been 
shown that wide surgical resection is the most effec- 
tive means of therapy for both primary and recurrent 
LMSs of the head and neck region.’ This philoso- 
phy has been applied to those tumors that involve 
the larynx as well. The necessity of postoperative 
irradiation remains debatable, as LMS is reported to 
be minimally sensitive to both chemotherapy and ir- 
radiation.! Due to the rarity of this malignancy, there 
may never be a consensus on this issue, but confir- 
mation of the diagnosis with immunohistochemical 
studies, removal by wide excision ensuring negative 
margins, and follow-up imaging to rule out metasta- 
sis appears to be the most prudent form of care. Ad- 
ditional treatment modalities should be tailored to 
the needs of the patient, since no specific protocol 
exists. 


SUMMARY 


Leiomyosarcoma of the larynx is quite rare and 
may be rather complicated to diagnose. Special his- 
tologic studies and electron microscopy are often re- 
quired to establish the diagnosis. While there are no 
numbers to support any one standard of care, removal 
of the tumor by wide excision appears to be the com- 
mon modality in all cases with any significant fol- 
low-up. Postoperative irradiation may prove to be 
helpful in cases of more conservative resections, 
when positive margins are encountered, or in cases 
of advanced or recurrent disease. However, at this 
time few data exist to clearly define radiotherapy’s 
role in the management of these patients. 
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A series of 41 nasal polyps (23 single and 18 massive) and 6 normal nasal mucosa specimens was glycohistochemically inves- 
tigated. Five plant lectins were used, ie, the peanut agglutinin (PNA), the wheat germ agglutinin (WGA), the gorse seed agglutinin 
(UEA-D), the Maackia amurensis agglutinin (MAA), and the elderberry bark agglutinin (SNA). A neoglycoconjugate and 2 animal 
lectins (CL-14 and CL-16) were also used. Three quantitative features were calculated by means of computer-assisted microscopy: 
the percentage of tissue area specifically stained by the histochemical probe, the staining intensity, and the heterogeneity level of the 
staining distribution. The results show that with respect to sialic acid—glycoprotein binding characteristics as determined by SNA, 
MAA, and WGA probes, the normal nasal mucosa differed markedly (p < .00001) from the polyposal one. The single nasal polyps 
exhibited glycohistochemical characteristics that differed markedly (p = .0004) from those exhibited by the massive ones. These 
differences related mainly to the UEA-I, PNA, and the Thomsen-Friedenreich antigen-exposing neoglycoprotein binding character- 
istics. In conclusion, the present study shows unambiguously that polyposal mucosa, whether of the single or the massive type, 
exhibits markedly distinct glycohistochemical characteristics when compared to normal nasal mucosa, and that single nasal polyps 


also differ markedly from massive ones. 
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INTRODUCTION 


Nasal polyposis is a common disease that remains 
poorly understood. The polyps arise mainly from the 
ethmoid sinuses and then prolapse into the nasal cav- 
ity. Although various causes can be suspected, the 
clinical and histologic features of this disorder are 
rather similar.! This disease is frequently associated 
with sinusitis, asthma, aspirin intolerance, and cys- 
tic fibrosis. Systemic allergy and allergy in the nasal 
mucosa are still being debated as the underlying 
cause of nasal polyps.23 From a histologic point of 
view, 4 different morphological types of nasal pol- 
yps are described,* but without any relationship 
with the different associated disorders.® 


We recently proposed a classification for nasal 
polyps.’ This classification relies mainly on morpho- 
logical criteria relating to morphonuclear features 
from isolated Feulgen-stained nuclei (ie, quantita- 
tively describing chromatin patterns), and only sec- 
ondarily on glycohistochemical markers that include 


3 lectins — the peanut (PNA; isolated from Arachis 
hypogaea), the wheat germ (WGA; isolated from Tri- 
ticum vulgaris), and the gorse seed (UEA-I; isolated 
from Ulex europaeus) agglutinins — and 1 neoglyco- 
conjugate carrying the galactose-B1-3-N-acetylga- 
lactosamine epitope. This epitope represents the key 
saccharide unit of the Thomsen-Friedenreich (TF) 
antigen, which visualizes accessible acceptor sites 
for PNA-reactive glycoconjugates that are endoge- 
nously expressed by various tissues. The data ob- 
tained showed that our morphological classification 
of nasal polyps fits in with the classification of nasal 
polyps defined on the basis of clinical criteria.” The 
gap in our knowledge that the present investigation 
aims to fill relates to the identification of various 
glycoproteins specifically expressed by certain 
groups of nasal polyps and not by others; our ulti- 
mate goal is to set up a robust classification for na- 
sal polyps, because there is no consensus in the clini- 
cal classification of nasal polyps at the present time. 
The present study therefore represents a large ex- 
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LISTING OF VARIOUS GLYCOHISTOCHEMICAL 
PROBES UNDER INVESTIGATION IN RELATION TO 
NATURE OF THEIR BINDING SITES 














Nature of 
Origin of Probe Abbreviation Binding Site 
Plant lectins 
Arachis hypogaea PNA TF antigen, ie, GalB1- 
3GalNAc 
Triticum vulgaris WGA GIcNAc/N-acetyl- 
neuraminic acid 
Ulex europaeus UEA-I a-L-fucose 
Maackia amurensis MAA Sialic acid in «2,3 
linkage 
Sambucus nigra SNA Sialic acid in 02,6 
linkage 
Animal lectins 
14 kd Galectin CL-14 Subunit molecular 
weight of 14,000; 
from adult chicken 
intestine, which binds 
to B-galactosides 
16 kd Galectin CL-16 Subunit molecular 
weight of 16,000; 
from adult chicken 
liver, which binds to 
B-galactosides 
Neoglycoprotein 
TF antigen—-(GalB1,3GalNAc) TF antigen binding 
neoglycoprotein site(s) 


tension of the first glycohistochemically related mod- 
ifications evidenced in our previous study’ on these 
various groups of nasal polyps. 


Peanut agglutinin, WGA, and UEA-I, the glyco- 
histochemical ligands used in the original histopath- 
ologic nasal polyp classification proposal’ mentioned 
above, identify galactose-B1-3-N-acetylgalactosa- 
mine, N-acetylglucosamine/N-acetyl neuraminic 
acid, and a-L-fucose residues, respectively, on gly- 
coproteins located at either the surface or the glan- 
dular epithelium of nasal polyps.? The aim of the 
present study is to further characterize the glycohisto- 
chemical characteristics of 2 specific groups of na- 
sal polyps (single and massive) in comparison with 
normal nasal mucosa. Clinicians usually consider 
that single polyps develop into massive ones. We 
investigated, therefore, whether single and massive 
nasal polyps can exhibit distinct biological proper- 
. ties. In addition to the PNA, WGA, and UEA-I gly- 
cohistochemical probes and the TF antigen—related 
neoglycoprotein that we used previously”? and that 
we use again in the present work to validate the 
methodology, we also used 4 other probes (2 sialic 
acid—binding plant lectins: MAA and SNA) to fur- 
ther characterize the expression of different sets of 
sialylated glycoproteins and 2 animal (chicken) lec- 
tins (galectins CL-14 and CL-16),!%1! to study the 
display of B-galactoside—containing glycoconjugates. 


Like plant lectins with galactoside specificity, galec- 
tins are known to have immunomodulatory poten- 
cy.10.12-14 This potency may, in turn, have a bearing 
on the course of the development of nasal polyps.? 
The MAA (isolated from Maackia amurensis) and 
SNA (isolated from Sambucus nigra) probes iden- 
tify sialic acid-«2,3-galactose-B1,4-N-acetylgluco- 
samine and sialic acid-02,6-galactose/N-acetylgalac- 
tosamine sequences, respectively. The B—galactoside- 
binding CL-14 and CL-16 galectins were isolated . 
from chicken intestines and liver, respectively.!! 


MATERIALS AND METHODS 


Histopathologic Diagnosis and Clinical Data. 
Medical records and samples of nasal polyps were 
obtained for 41 patients between 1993 and 1996. The 
polyposis diagnosis was made with a rigid endo- 
scope. This method enabled us to distinguish between 
single polyps, typically found between the lateral na- 
sal wall and the middle turbinate, and diffuse (eg, 
massive) polyposis, which involves the entire nasal 
and paranasal sinus mucosa. We excluded from our 
study polyposis relating to cystic fibrosis and the 
ASA (aspirin, sinusitis, asthma) triad because of the 
specific clinical features exhibited by these types of 
nasal polyps. The possibility remains that a single 
polyp could be the early stage of what would become 
massive polyposis in the absence of treatment. Such 
single polyps are usually found bilaterally in patients; 
when observed only unilaterally, they are associated 
with computed tomography scan opacities in the con- 
tralateral ethmoid sinus. On the other hand, there are 
strictly unilateral single polyps, the best-known of 
which is the antrochoanal polyp described by Killian. 
In the present study, the single polyps under investi- 
gation were always located bilaterally. Other, “single- 
type” polyps, like the Killian ones, were excluded 
and are under investigation in a separate study. 


The histologic slides of all 41 cases were reviewed 
by 2 pathologists (to exclude interindividual vari- 
ability) on the basis of the criteria described by Hy- 


- ams et al.° The 6 normal samples came from the in- 


ferior turbinates of patients who had undergone sep- 
toplasties and who had proved to be free of any na- 
sal and paranasal disease. We excluded allergic pa- 
tients on the basis of the skin prick test and total and 
specific IgE expression.!5 


Specimen Preparations and Glycohistochemical 
Staining. Tissue specimens were fixed in 4% formal- 
dehyde and embedded in paraffin. Five-micron-thick 
sections were then subjected to processing with the 
various histochemical probes and kit reagents under 
study. All the probes used in the present study are 
listed in the Table, along with the biochemical na- 
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ture of their binding sites. The 5 plant-related biotiny- 
lated probes were purchased from Vector Laborato- 
ries Inc (Burlingame, Calif). We also used 2 biotiny- 
lated B-galactoside—binding animal lectins, namely, 


14 kd CL-14 and 16 kd CL-16. These proteins from | 


the prototype group of the galectin family were iso- 
lated from adult chicken liver and intestine. The neo- 
glycoconjugate related to the chemical grafting of 
GalB1,3GalNAc (TF antigen) onto an inert glyco- 
histochemical carrier (bovine serum albumin). As de- 
scribed elsewhere,”!6 the animal lectins and the neo- 
glycoconjugate were prepared and biotinylated un- 
der activity-preserving conditions. The extent of the 
specifically bound markers was revealed by avidin- 
biotin-peroxidase complex kit reagents (Vector Labo- 
ratories) with diaminobenzidine—hydrogen peroxide 
as the chromogenic substrate; this is detailed else- 
where.!7 Control reactions included 1) competitive 
inhibitions to ascertain the sugar specificity and 2) 
the omission of the incubation step with the labeled 
marker to exclude any staining by the binding of kit 
reagents such as the mannose-rich glycoproteins 
horseradish peroxidase and avidin. Counterstaining 
with hematoxylin concluded the processing. 


Computer-Assisted Microscopy. The variables from 
the quantitative histochemical stainings were com- 
puted by means of aSAMBA 2005 computer-assisted 
microscope system (Alcatel-TITN, Grenoble, France) 
with a 20x (aperture 0.50) magnification lens. The 
way in which we used this system to quantify his- 
tochemical staining is detailed elsewhere, as are the 
ways in which we dealt with all the problems relat- 
ing to quantitative histochemistry.’-!8 But briefly, and 
bearing in mind the quantitative histochemical mea- 
surements, the tissue-integrated optical densities 
(lODs) for the hematoxylin (blue) and the specific 
glycohistochemical (brown) staining were computed 
on 256 densitometric levels on each digitized pixel 
in 2 distinct color channels by means of a JVC KY- 
15 3CCD color camera. 


The sum of all the IOD values computed for the 
whole area scanned per normal or pathological na- 
sal mucosa is known as the labeling index (LD fea- 
ture. The cutoff value chosen to ascertain whether 
the histochemical staining was positive as compared 
to the negative control was the mean value of the 
integrated optical values of the negative control plus 
2 standard deviations. The mean optical density 
(MOD) feature relates to staining intensity. It was 
calculated by dividing the LI value obtained for a 
given field on a given histologic slide by the area 


covered by this field. The concentration heteroge- . 


neity (CH) feature represents the value of the vari- 
ance calculated for the MOD feature. 


Fifteen fields of between 60,000 and 120,000 um? 
each were scanned independently for the surface and 
glandular epithelium on each histologic slide. 


Data Analysis. The assessment of the binding of 
the 8 glycohistochemical markers described above 
led to the acquisition of 3 quantitative parameters 
(the LI, MOD, and CH features) for each of the 47 
nasal specimens under study. These parameters were 
computed independently at the surface and the glan- 
dular epithelium of each case. The degree of poten- 
tial diagnostic value for the 48 quantitative glyco- 
histochemical variables (3 quantitative features x 8 
probes x 2 epithelia) was determined by means of 
discriminant analysis, a multivariate statistical type 
of analysis.!929 The variables identified as the most 
informative by discriminant analysis were also sub- 
jected to a process of monovariate analysis. The non- 
parametric Mann-Whitney U test was used, because 
the Levene test showed that the variances between 
the various groups were not equal. All the statistical 
analyses carried out in the present study were per- 
formed on the program in the Statistica (Statsoft, Tul- 
sa, Okla) package. 


RESULTS 


Selection of Quantitative Variables Making It Pos- 
sible to Distinguish Between Normal and Polyposal 
Nasal Mucosa. Of the 8 glycohistochemical probes 
under study (listed in the Table), .6 were used to in- 
vestigate whether the surface (the SE tissue) and/or 
the glandular (the GE tissue) epithelia in polyposal 
nasal mucosa displayed significantly distinct carbo- 
hydrate moieties as compared to normal nasal mu- 
cosa. These 6 probes included PNA and the TF anti- 
gen—exposing neoglycoprotein (the so-called TF- 
NEO probe in our study), UEA-I, WGA, MAA, and 
SNA. Computer-assisted microscopy calculated 3 
variables (LI, MOD, and CH) for each of these 6 
probes in both epithelia. Six probes x 3 variables per 
probe x 2 epithelium types, ie, 36 quantitative vari- 
ables, were therefore available to characterize the 
carbohydrate moieties and distinct sugar receptor 
types in normal as opposed to polyposal nasal mu- 
cosa on the one hand, and between single and mas- 
sive nasal polyps on the other. 


Of the 36 quantitative variables submitted to dis- 
criminant analysis, the 4 most discriminatory selected 
by this multivariate statistical analysis to distinguish 
between the 3 groups comprising normal (the NORM 
group; n = 6), single polyposal (the SIN group; n = 
23), and massive polyposal (the MASS group; n = 
18) nasal mucosa specimens were as follows, in or- 
der of decreasing discriminatory power. 


1. The SNA_MOD_SE variable, ie, the mean op- 
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tical density (staining intensity) of SNA in the sur- 
face epithelium. 


2. The MAA_LI_SE variable, ie, the labeling in- 
dex (labeled area) of MAA in the surface epithelium. 


3. The WGA_CH_GE variable, ie, the heteroge- 
neity level of the WGA staining intensity in the glan- 
dular epithelium. 


4. The WGA_MOD_GE variable, ie, the mean 
optical density of WGA in the glandular epithelium. 


When these 4 quantitative variables were intro- 
duced into a new discriminant analysis, the NORM 
group differed markedly from the SIN (p < .00001) 
and the MASS (p < .00001) groups, while the SIN 
and the MASS groups did not significantly (p = .144) 
differ in these 3-group analyses. As shown below, 


the absence in the present 3-group analysis of any ` 


Statistically significant differences between single 
and massive nasal polyps is due to the fact that the 
glycohistochemical characteristics of the normal na- 
sal mucosa are so different from those exhibited ei- 
ther by the single or the massive nasal polyps that 
the information contributed by the normal nasal mu- 
cosa heavily outweighs that which might distinguish 
between single and massive polyps. This is the rea- 
son we performed a new discriminant analysis, in 
which the normal nasal mucosa specimens were not 
taken into account (see below). 


q 


Fig 1. Illustration of mean (small 
squares) + SEM (large squares) + 
SD (bars) quantitative values ob- 
tained by means of computer- 
assisted microscopy with respect 
to 4 glycohistochemical binding 
properties in 6 normal nasal mu- 
cosa specimens (NORM group), 
and 23 single (SIN group) and 18 
massive (MASS group) nasal pol- 
yps. Four quantitative glycohisto- 
chemical features are A) SNA_ 
MOD_SE variable, ie, mean op- 
tical density (staining intensity in 
arbitrary units [a.u.]) of SNA in 
surface epithelium; B) MAA_LI_ 
SE variable, ie, labeling index (la- 
beled area) of MAA in surface epi- 
thelium; C) WGA_CH_GE vari- 
able, ie, heterogeneity level in 
WGA Staining intensity in glan- 
dular epithelium; and D) WGA_ 
MOD_GE variable, ie, mean op- 
tical density of WGA in glandu- 
lar epithelium. 


SINGLE MASSIVE 





SINGLE MASSIVE 


Figure 1 illustrates the mean + SEM + SD values 
obtained for the SNA_MOD_SE, the MAA_LI_SE, 
the WGA_CH_GE, and the WGA_MOD_GE vari- 
ables in the NORM, the SIN, and the MASS groups. 


Monovariate statistical analyses (Mann-Whitney 
U test) revealed that the NORM group significantly 
(p = .02) differed from the SIN group, but not the 
MASS group, on the basis of the SNA staining in- 
tensity in the surface epithelium (SNA_MOD_SE 
variable; Fig 1A). The quantification of the MAA- 
labeled area in the surface epithelium (MAA_LI_SE 
variable) made it possible to distinguish between the 
NORM group and both the SIN (p = .04) and the 
MASS (p = .004) groups (Fig 1B). 


The heterogeneity level of the WGA staining in- 
tensity in the glandular epithelium (WGA_CH_GE 
variable) was markedly higher in the NORM group 
than in both the SIN (p = .007) and the MASS (p = 
.008) groups (Fig 1C). 


The WGA staining intensity in the glandular epi- 
thelium of the normal nasal mucosa was significantly 
(p = .03) lower than in the MASS group, but not 
lower (p = .243) than in the SIN group (Fig 1D). 


Selection of Quantitative Variables to Distinguish 
Between Single and Massive Nasal Polyps and to 
Identify Typical Versus Atypical Single and Massive 
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UEA lectin 
(LI variable; %) 


SIN-TYP SIN-ATYP MAS-TYP MAS-ATYP 


Fig 2. Illustration of mean (small squares) + SEM (large 
squares) + SD (bars) values obtained quantitatively by 
means of computer-assisted microscopy with respect to 
UEA-I_LI_SE variable. This variable describes UEA- 
labeled area in surface epithelium in 4 groups of nasal 
polyps, ie, typical (SIN_TYP group; n = 20) versus atypi- 
cal (SIN_ATYP group; n = 3) single nasal polyps and 
typical (MASS_TYP group; n = 12)-versus atypical 
(MASS_ATYP group; n = 6) massive ones. 


Nasal Polyps. The 36 quantitative variables described 
above were further submitted to a discriminant analy- 
sis performed between the 2 groups of single and 
massive nasal polyps only. Of these 36 variables, 


the 4 most discriminatory in distinguishing between . 


Single and massive nasal polyps were as follows, in 
order of decreasing discriminatory power. 


1. The UEA-I_LI_SE variable, which quantita- 
tively described the UEA-[-labeled area in the sur- 
face epithelium and which was significantly (p = .004) 
weaker in the MASS group than in the SIN group 
(data not shown). 


2. The PNA_CH_SE variable, which quantitative- 
ly described the heterogeneity level of the PNA stain- 
ing in the surface epithelium and which was weaker 
(p = .04) in the MASS group than in the SIN group 
(data not shown). 


3. The WGA_CH_SE variable, which quantita- 
tively described the heterogeneity level of the WGA 
Staining in the surface epithelium and which was 
higher in the MASS group than in the SIN group 
(data not shown). 


4. The TF-NEO_MOD_SE variable, which quan- 
titatively described the TF antigen—exposing neogly- 
coprotein staining intensity in the surface epithelium 
and which was weaker (p = .03) in the MASS group 
than in the SIN group (data not shown). 


When we made use of these 4 quantitative vari- 
ables in a new discriminant analysis, the SIN group 
markedly (p = .0004) differed from the MASS group. 


In addition to making it possible to identify the 
most relevant informative variables in a large set of 


variables, discriminant analysis can also be used as 
a tool to classify cases across groups. Indeed, dis- 
criminant analysis enables data to be described in 
terms of “separability” between different a priori de- 
fined groups, eg, in the present cases the 2 groups 
containing the single polyps and the massive nasal 
polyps. Discriminant analysis is therefore able to 
generate a description of data as a function of dis- 
criminant factors that give prominence to the differ- 
ential features of cases from distinct groups. As dis- 
criminant factors give the best representation for sep- 
arating data into different classes, discriminant analy- 
sis uses these factors to allocate a case to one or an- 
other of them. The confusion matrix for the classifi- 
cations produced by discriminant analysis on the 23 
single polyps versus the 18 massive nasal polyps with 
the 4 quantitative variables described above is as fol- 
lows. Of the 23 single nasal polyps, 20 were correctly 
classified as single polyps, while 3 single polyps were 
misclassified as massive ones on the basis of their 
glycohistochemical characteristics. The first group 
of 20 polyps was labeled as typical single nasal pol- 
yps (the SIN_TYP group), while the second group 
of 3 polyps was labeled as atypical single nasal pol- 
yps (the SIN_ATYP group). In the same way, dis- 
criminant analysis correctly classified 12 of the mas- 
sive nasal polyps as massive (the MASS_TYP group) 
while misclassifying the remaining 6 as single (the 
MASS_ATYP group). 


Figure 2 illustrates the mean + SEM + SD values 
of the quantitative glycohistochemical variable se- 
lected as the most informative by discriminant analy- 
sis, ie, the UEA-I_LI_SE variable, which quantita- 
tively described the UEA-I-labeled area in the sur- 
face epithelium in the 4 groups described above, ie, 
the SIN_TYP versus the SIN_ATYP and the MASS _ 
TYP versus the MASS_ATYP. With respect to this 
UEA-LLI_SE variable, the SIN_TYP polyps dif- 
fered markedly (p = .0004) from the MASS_TYP 
ones, while both the SIN_ATYP and MASS_ATYP 
polyps exhibited UEA-I_LI_SE values intermediate 
to those exhibited by the 2 typical groups. 


Selection of Quantitative Variables to Distinguish 
Between Typical Versus Atypical Single Nasal Pol- 
yps and Between Typical Versus Atypical Massive 
Nasal Polyps. When discriminant analysis was per- 
formed on the 12 quantitative variables (3 quantita- 
tive features x 2 probes x 2 epithelium types) de- 
scribing the CL-14 and CL-16 avian galectin stain 
(which had previously not been used to distinguish 
the atypical nasal polyps from their homologous typi- 
cal counterparts), a significant (p = .003) difference 
between the galectin-related characteristics in the 3 
atypical single polyps versus the 6 atypical massive 
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polyps was obtained. This fact clearly indicates that 
atypical single and atypical massive nasal polyps do 
not represent an intermediate state between typical 
single and typical massive ones. Of the 12 quantita- 
tive variables, the 3 selected as the most informative 
by discriminant analysis are as follows, in order of 
decreasing discriminatory power. 


1. The CL-16_LI_SE variable, which quantitative- 
ly described the CL-16 galectin—labeled area in the 
surface epithelium and which was higher (p = .02) 
in the atypical massive polyps than in the atypical 
single ones (Fig 3A). > 


- 2, TheCL-16_LI_GE variable, which quantitative- 

ly described the CL-16 galectin—labeled area in the 
glandular epithelium and whose development was 
identical to that of CL-16_LI_SE (Fig 3B; SIN_ATYP 
versus MASS_ATYP, p = .02). 


3. The CL-14_MOD_SE variable, which quanti- 
tatively described the CL-14 galectin—labeled area 
in the surface epithelium and which was significantly 
(p = .02) higher in the atypical massive polyps than 
in the atypical single nasal polyps (Fig 3C). 


DISCUSSION 


Polyps have a uniform histologic appearance and 
are usually considered to be single entities.2! How- 
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Fig 3. Illustration of mean (small squares) + SEM 
(large squares) + SD (bars) values obtained by means 
of computer-assisted microscopy with respect to 3 
quantitative features describing CL-14 and CL-16 
chicken galectin binding characteristics in 4 groups 
of nasal polyps, ie, typical (SIN_TYP group; n = 20) 
versus atypical (SIN_ATYP group; n = 3) single na- 
sal polyps and typical (MASS_TYP group; n = 12) 
versus atypical (MASS_ATYP group; n = 6) massive 
ones. Three quantitative features relate to A) CL-16_. 
LI_SE variable, which describes CL-16 galectin—-la- 
beled area in surface epithelium; B) CL-16_LI_GE 
variable, which describes CL-16 galectin—labeled area 
in glandular epithelium; and C) CL-14_MOD_SE 
variable, which describes CL-14 galectin—labeled area 
in surface epithelium. 


ever, a nasal mucosa is only capable of acting in a 
limited number of ways, and the same histologic pic- 
ture may be produced by a number of different dis- 
orders,”:45 We recently presented a new classifica- 
tion of nasal polyps based on morphological criteria 
relating to morphonuclear features from isolated 
Feulgen-stained nuclei, as well as on glycohisto- 
chemical characteristics from histologic slides sub- 
mitted to lectin and neoglycoconjugate glycohisto- 
chemical stainings.’ In the present study we further 
investigated the glycohistochemical patterns of 2 
groups of nasal polyps (single and massive) in com- 
parison with normal nasal mucosa specimens. It 
should be emphasized that glycan moieties harbor 
the capacity to undergo modulations that can trans- 
late into altered recognition properties.?? Further- 
more, glycosylation is highly sensitive to alterations 
in cell function, and abnormal glycosylation is char- 
acteristic of a number of altered cell states.234 There- 
fore, glycocompounds are used more and more in 
histochemical studies as probes to detect different 
types of glycans and sugar moieties in cell membranes 
and the histologic structures of tumoral tissues asso- 
ciated with various levels of malignancy. !5:25-28 


In addition to the 4 glycohistochemical probes de- 
scribed above, we made use of 2 plant lectins (SNA 
and MAA) that specifically bind to the abundant iso- 
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mers of sialyllactose. Sialoglycoconjugates play very 
important roles in the physiology of normal and trans- 
formed cells.293! Sialic acids are 9-carbon mono- 
saccharides usually found at the nonreducing termi- 
nus of the glycan side chains attached to glycocon- 
jugates. The linkages of sialic acids to penultimate 
carbohydrates such as galactose, N-acetylgalactosa- 
mine, and N-acetylglucosamine are most commonly 
&2,3- and &2,6-links formed by the action of differ- 
ent sialyltransferases.>2 Of the lectins with well-char- 
acterized oligosaccharide-binding specificity, only 
a few exhibit any specificity for sialylated glyco- 
conjugates. The lectin from elderberry (Sambucus 
nigra) bark (SNA) has been shown to bind with a 
high level of affinity to glycoconjugates containing 
the terminal sequence sialic acid-a2,6-galactose/N- 
acetylgalactosamine.33 Investigations into the car- 
bohydrate-binding specificity of the agglutinin from 
Maackia amurensis (MAA) have revealed that it 
binds with a high level of affinity to sialic acid-a2,3- 
galactose-B1,4-N-acetylglucosamine, but not to the 
sialic acid—02,6—linked isomers.34 It is therefore a 
most interesting complementary probe to SNA. In 
addition, WGA can also bind to N-acetylneuraminic 
acid in cellular glycoconjugates.>5 


Several interesting observations were made possi- 
ble in the present study by the use of glycohistochem- 
ical probes that are not highly specific in terms of 
binding to sialic acid—related compounds like WGA 
and, in sharp contrast, the use of probes like SNA 
and MAA that exhibit highly specific binding prop- 
erties (for instance, in distinguishing between 02,6- 
and 02,3-linked sialic acid and residues). In fact, the 
results show that the normal nasal mucosa differed 
markedly from the polyposal one in terms of SNA 
and MAA binding characteristics, and to a lesser ex- 
tent in terms of WGA binding characteristics. A pre- 
cise analysis of the quantitative data provided by 
computer-assisted microscopy showed that a polyp- 
osal mucosa, whether of the single or the massive 
type, is distinct from its normal counterpart in that it 
contains a higher proportion of epithelial cells exhib- 
iting significant amounts of SNA-related acceptor 
sites (as revealed by the SNA_LI_SE variable; data 
not shown), in the shape of NeuS5Ac-c2,6-linked resi- 
dues, and that these SNA-positive surface epithelial 
cells in the polyposal mucosa contain a higher num- 
ber of SNA acceptor sites than their homologs in the 
normal mucosa (as revealed by the SNA_MOD_SE 
variable; Fig 1A). A distinct feature was observed in 
the expression of terminal NeuSAc-a2,3—linked 
sugar moieties constituting the MAA acceptor sites. 
Indeed, the epithelial cells in the surface epithelium 
of the polyposal mucosa exhibited a number of MAA 
acceptor sites similar to the one observed in the nor- 


mal nasal mucosa (as revealed by the MAA_MOD_ 
SE variable; data not shown), while the proportion 
of MAA-positive cells decreased in the surface epi- 
thelium of the polyposal mucosa as compared to what 
occurred in the normal mucosa (as revealed by the 
MAA _LI_SE variable; Fig 1B). The type of modifi- 
cation by sialylation occurring at the level of the link- 
age type (02,3 versus 02,6) of terminal neuraminic 
acids therefore made it possible to distinguish be- 
tween epithelial cells in the polyposal mucosa and 
the normal nasal mucosa. At the glandular epithe- 
lium level, there were modifications involving the 
amount of WGA acceptor sites (as revealed by the 
WGA_MOD. GE variable; Fig 1D) and their distri- 
bution in the glandular tissue (as revealed by the 
WGA_CH_GE variable; Fig 1C); these modifica- 
tions enabled differences between the normal and 
the polyposal mucosae to be discerned. 


The specificity of the glycohistochemical stain- 
ing related to the SNA and MAA, but not the WGA, 
lectins seems to be extremely significant in terms of 
the distinction that can be made between normal and 
polyposal nasal mucosae, since these MAA and SNA 
probes were not selected by discriminant analysis 
when the normal nasal mucosa was no longer taken 
into account. Indeed, the quantitative computer-as- 
sisted microscopy-trelated variables enabling statis- 
tically significant glycohistochemical characteristics 
to be detected between single and massive nasal 
polyps included the UEA-I-labeled area in the sur- 
face epithelium, the heterogeneity level of the PNA 
staining in the surface epithelium, the heterogeneity 
level of the WGA staining in the surface epithelium, 
and the TF antigen—carrying neoglycoprotein stain- 
ing intensity in the surface epithelium. These 4 vari- 
ables refer to the surface and not the glandular epi- 
thelium. This means that we observed glycohisto- 
chemical modifications in the surface epithelium 
rather than in the glandular one. This enabled the 
single polyps to be distinguished from the massive 
ones. 


A comment must be made on the origins of nasal 
polyps, ie, the ethmoid sinus mucosa (middle me- 
atus), as opposed to the normal controls that we used 
and that included nasal mucosa from the inferior tur- 
binate. Clinical experience clearly shows that both 
in single polyps and massive polyposis the inferior 
turbinate remains unaffected by the polyp disease. 
In fact, the mucosa in the inferior turbinate is so 
morphologically distinct from the nasal polyp mu- 
cosa (even if both epithelia are rather similar) that it 
comes as no surprise that nasal polyps generally arise 
from the middle meatus. As our investigation clearly 
shows, the normal controls that we used exhibited 
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markedly distinct glycohistochemical characteristics 
when compared to the various groups of nasal pol- 
yps. This is the reason why we used these controls, 
since we wanted to demonstrate the specificity of 
the glycohistochemical markers with respect to the 
different groups of nasal polyps and not to the dis- 
tinction that can be drawn between normal mucosa 
and nasal polyps. To this end, we are conducting a 
separate study in which we characterize the glyco- 
histochemical properties of normal mucosa from the 
inferior turbinate as opposed to that from the middle 
meatus. All these data will contribute to the under- 
standing of nasal polyp etiopathogenesis. 


The glycohistochemical variables decribed above 
relate to the staining of UEA-I, PNA, the TF anti- 
gen—exposing neoglycoprotein, and WGA. They not 
only enabled a very significant distinction to be 
drawn between the single and the massive polyps, 
but also made it possible to identify atypical cases 
in each of the 2 groups of polyps. At first sight, it 
could be imagined that the atypical cases might rèp- 
resent transitional stages between each of the 2 
groups of single and massive nasal polyps, partiċu- 
larly in view of the results given in Fig 2. This is the 
reason why, in addition to'the 6 probes already de- 
scribed (PNA and its corresponding TF antigen—ex- 
posing neoglycoprotein, UEA-I, WGA, MAA, and 
SNA), we also investigated further glycohistochem- 
ical properties. Since the terminal part of the sugar 


antennae of cell glycoconjugates is generally sup- . 


posed to be accessible and suited to interactions, we 
deliberately employed 2 probes with affinities to B- 
galactosides and 3'-substituted derivatives thereof. 
We therefore used 2 avian lectins!!! belonging to 
the group of galectins in order to investigate whether 
atypical single and atypical massive nasal polyps rep- 
resent transitional stages between typical single pol- 
yps and typical massive polyps, or if they represent 
distinct biological units. 


Galectins are a family of proteins defined as hav- 
ing at least 1 characteristic carbohydrate recognition 
domain with an affinity for B-galactosides and shar- 
ing certain preserved sequence elements.3° The most 
widely studied galectins include galectin-1 and ga- 
lectin-3.37 In some instances, these have been shown 
to modulate cell-cell interactions and cell growth.38.39 


Focusing on the related galectins used in this study, 
it is pertinent to recall that they have been shown to 
display nonidentical fine specificities that even trans- 
late into differential reactivities to specimens from 
advanced lung cancer cases. !!,19.40 


The results obtained here with the CL-14 and CL- 
16 avian galectins show that of the 12 quantitative 
variables describing the binding characteristics of 
these galectins, the 3 most informative for the char- 
acterization of the atypical specimens in both the sin- 
gle and the massive nasal polyps were the CL-16— 
labeled areas in the surface and glandular epithelium, 
and the CL-14 labeled area in the surface epitheli- 
um. 


In conclusion, the present study clearly shows that 
in normal nasal mucosa, the surface epithelium and 
to a lesser extent, the glandular epithelium exhibit 
glycohistochemical characteristics markedly distinct 
from those of surface epithelium in polyposal nasal 
mucosa. In addition, single polyps also exhibit glyco- 
histochemical characteristics very different from 
those exhibited by massive nasal polyps. These find- 
ings suggest that single and massive polyposis rep- 
resent 2 distinct clinical entities. The clinical signif- 
icance of the biological existence of atypical groups 
among single and massive polyps is not yet known. 
Further analyses of the patients’ clinical histories are 
in progress in order to determine whether these atypi- 
cal groups of nasal polyps have disparate clinical 
behavior patterns. 


All the data reported in the present study strongly 
suggest that the specific modifications, in terms of 
glycohistochemical characteristics, that we identi- 
fied in the various nasal polyp groups should relate 
to the etiopathogenesis of the different polyp types. 
However, significant conclusions concerning the re- 
lationship between specific glycohistochemical mod- 
ifications and nasal polyp etiopathogenesis will be 
drawn only when data on other biological markers 
are available, and in particular, data on the level of 
expression of various adhesion molecules. We are 
accordingly conducting new experiments into the 
level of expression of various ICAM-1— and VCAM- 
1-related molecules in relation to the level of ex- 
pression of the markers used in the present work. 
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ESOPHAGEAL CONTRACTILITY SYN CHRONOUS WITH EXPIRATION 
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On the basis of our previous finding that the cervical esophagus was closed during tracheoesophageal phonation, we postulated 
that the muscle of the cervical esophagus actually contracted during expiration and speculated on its possible regulation by the 
recurrent laryngeal nerve. Electromyography of the esophageal musculature and fluoroscopy of the esophagus were performed in 
laryngectomees to demonstrate whether the esophagus contracted during expiration or not. Electromyography, performed in 2 sub- 
jects, revealed a burst of discharges synchronous with expiration. Fluoroscopy during tracheoesophageal phonation was performed 
in 13 subjects to investigate the influence of resection of the esophageal branch of the recurrent nerve on esophageal motor activity. 
Among 13 subjects, 4 subjects who underwent paratracheal dissection (PTD) at the time of laryngectomy showed a lower superior 
limit of esophageal closure than did the 9 subjects without PTD, indicating that the cervical esophagus in PTD loses its contractility 
with the sacrifice of the esophageal branch of the recurrent nerve. We concluded that the cervical esophagus is closed by muscle 
contraction synchronous with expiration, preventing air entry into the stomach during deep expiration or phonation, and that the 


esophageal branch of the recurrent nerve is involved. 


KEY WORDS — contraction, electromyography, esophagus, expiration, fluoroscopy. 


INTRODUCTION 


The main function of the esophagus is, needless 
to say, transport of food and liquids from the phar- 
ynx to the stomach. Although many studies have fo- 
cused on the clarification of the mechanism of de- 
glutition using manometric methods or electromyog- 
raphy (EMG),!-5 less attention has been paid to esoph- 
ageal movement during respiration.! In recent years, 
during fiberoptic examination of the esophagus, we 
have often observed closure and opening of the esoph- 
ageal lumen occurring synchronously with the respi- 
ratory cycle. Such movement could represent either 
active contraction of the esophagus during respira- 
tion or passive movement following intrathoracic or 
tracheal pressure changes. 


We previously reported closure of the cervical 
esophagus during phonation of the long vowel /a/ in 
patients using tracheoesophageal (TE) speech, a com- 
mon technique for voice restoration after total laryn- 
gectomy.® The principle of TE phonation is to vi- 
brate the pharyngeal mucosa at the neoglottis by the 
expiratory air diverted into the esophagus through a 
surgically constructed fistula between the trachea and 
the cervical esophagus.’ The diverted air enlarges 
the subneoglottic lumen composed of the hypophar- 
ynx and the upper esophagus. Fiberoptic examina- 
tion and fluoroscopy in that study revealed closure 
of the esophagus at the bottom of the ballooned sub- 
neoglottic lumen. Explaining this closure, we pro- 
posed that the normal cervical esophagus is closed 





during laryngeal phonation and that such motility is 
preserved after laryngectomy. The esophageal branch 
of the recurrent laryngeal nerve (RLN), which inner- 
vates the cervical esophagus, was assumed to regu- 
late this closure. 


It is well known that the upper third of the esopha- 
gus, including the cervical esophagus, is composed 
of striated muscle, while the lower two thirds is com- 
posed mainly of smooth muscle. The striated muscle 
part may play a functional role different from that of 
the smooth muscle part. Closure of the esophagus 
during TE phonation may depend on contraction of 
the striated muscle of the cervical esophagus during 
expiration, since TE phonation utilizes expiratory air. 
The purpose of this study is to clarify whether the 
muscle of the cervical esophagus contracts during 
expiration and which nerve is responsible. 


SUBJECTS AND METHODS 


This study protocol consisted of EMG of the mus- 
culature of the cervical esophagus during deep res- 
piration, and fluoroscopy. of the hypopharynx and 
esophagus during TE phonation. The EMG was per- 
formed to clarify whether the striated muscle of the 
cervical esophagus contracted during expiration. One 
man and 1 woman with temporary salivary fistulas 
after laryngectomy were studied by EMG after giv- 
ing written informed consent. In both subjects, the 
pharynx and the cervical esophagus opened separate- 
ly to the cervical skin. The equipment arrangement 
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Fig |. Apparatus for esophageal electromyography dur- 
ing respiration. PT — pressure transducer; S — sensor; 
C — control box; A — amplifier; R — recorder. 


for data recording is shown in Fig |. The tracheal 
opening was sealed by a Blom-Singer tracheostoma 
valve. A corrugated tube about | m long was inter- 
posed between the valve and a flow-rate measuring 
unit composed of a sensor (TV 112T, Nihon-Koden, 
Japan), a pressure transducer (TP 602T, Nihon-Ko- 
den), a control box (RY-111S, Nihon-Koden), and a 
respiratory amplifier (AR-601G, Nihon-Koden). A 
bipolar needle electrode was inserted through the fis- 
tulous opening into the striated muscle of the cervi- 
cal esophagus under direct visualization. Subjects 
were instructed to take deep breaths. The EMG ac- 
tivity during respiration was amplified and recorded 
simultaneously with the flow rate curve. 


Fluoroscopy was performed to investigate the in- 
fluence of the resection of the esophageal branch of 
the RLN on esophageal motor activity. In cases of 
subglottic extension of laryngeal cancer, paratracheal 
dissection (PTD) is usually performed along with 
total laryngectomy. In cases with PTD, the RLN with 
its esophageal branch is usually sacrificed more ex- 
tensively than in cases without PTD. Thus, paraly- 
sis of the cervical esophagus might be expected in 
PTD cases. 

Fluoroscopically studied subjects included 12 men 
and | woman (all Japanese) with a mean age of 62 
years who underwent total laryngectomy at Kobe 
University Hospital. Each subject underwent TE fis- 
tulization at the time of laryngectomy as described 
elsewhere.’ Four of these 13 subjects underwent PTD 
at the time of laryngectomy, while 9 did not. In all 
subjects, healing occurred without complications. All 
subjects were examined over 6 months postopera- 
tively, and they could converse well in TE speech 
without impediments. They were instructed to swal- 
low a high-density barium solution to coat the lu- 














Fig 2. Electromyography during deep breathing. Note 
bursts of discharges synchronous with expirations. E — 
expiratory phase; | — inspiratory phase. 


men of the hypopharynx and the esophagus, and were 
instructed to phonate the long vowel /a/ during the 
examination. In each subject, a lateral radiograph ob- 
tained during phonation was evaluated to determine 
the location of the proximal limit of esophageal clo- 
sure by level of vertebral body. The mean location 
of this limit was compared between groups with and 
without PTD. 


RESULTS 


The EMG activity synchronous with expiration 
was recorded in both subjects (Fig 2). Closure of the 
esophageal lumen synchronous with expiration was 
clearly observed (Fig 3). This closure was entirely 
extrathoracic. 


Fluoroscopy during TE phonation revealed varia- 
tion in the superior limit of esophageal closure (Fig 
4). These anatomic levels are diagrammed in Fig 5. 
A difference was apparent between patients with and 
without PTD. In those without PTD, the superior 
closure limit ranged from the level of the lower bor- 
der of C6 to the center of T2, being most frequently 
seen at the lower border of C7. In the group with 
PTD, the superior closure limit ranged from the level 
of the lower border of T1 to the lower border of T3. 
The superior closure limit in the group with PTD 
was located more distally than in most patients with- 
out PTD. 


DISCUSSION 


The esophagus is a muscular tube transporting 
food from the pharynx to the stomach. While many 
radiographic, manometric, or EMG investigations 
have characterized the bolus transport function of 
the esophagus, few reports have mentioned respira- 
tory effects on esophageal activity? or on deglutition.! 
Inouye? recorded action potentials synchronized with 
inspiration from the lower esophagus of dogs and 
cats, with no apparent respiratory effects in the mid- 
dle and upper esophagus. He also reported contrac- 
tion of the esophagus caused by electrical stimula- 
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Fig 3. Concentric pattern of closure and opening of cervical esophagus seen through salivary fistula. A) Closure during 


expiration. B) Opening during inspiration 
tion of the vagus nerve. 


In the present study, we recorded the discharges 
in striated muscle of the cervical esophagus occur- 
ring synchronously with expiration in 2 laryngecto- 
mees. This finding indicates that the cervical esopha- 
gus in humans contracts actively with expiration. 
Thus. the extrathoracic closure of the esophagus seen 
during expiration is not passive movement follow- 
ing intrathoracic pressure change, but derives from 
contraction of the esophageal muscle. The closure 


pattern of the esophagus suggests that the origin of 


this contraction may be the circular layer of the esoph- 





ageal muscle. This closure pattern was nearly the 
same as the esophageal closure during TE phona- 
tion observed fiberoptically in our previous report.® 
The closure of the esophagus during TE phonation, 
then, derives from the contraction of the striated mus- 
cle of the esophagus during expiration, 


The results of fluoroscopy indicate that PTD has 
considerable influence on the location of the supe- 
rior limit of esophageal closure. This influence may 
be explained by the following considerations. In to- 
tal laryngectomy, the esophageal branch of the RLN 
is sacrificed with the resection of the RLN. Resec- 


Fig 4. Various levels of superior 
limit of esophageal closure (ar- 
rows). A) Upper border of C7 in 
patient without paratracheal dis 
section. B) Middle of T2 in pa- 
tient with paratracheal dissection. 
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Fig 5. Histogram of upper border of closure of esopha- 
gus in all subjects without (circles) and with (stars) para- 
tracheal dissection. 


tion of the esophageal branch results in loss of con- 
traction of the innervated portion of the cervical esoph- 
agus. The portion in which the innervation is intact 
preserves its contractility during expiration after sur- 
gery. Thus, during TE phonation, the denervated part 
of the esophagus is ballooned by expiratory air di- 
verted into the esophageal lumen, while the intact 
part is closed by the contraction of the esophageal 
muscle. This ballooning sharply distinguishes the de- 
nervated portion from the innervated portion. The 
inferior limit of the ballooned portion shown by fluo- 
roscopy is thought to represent the level of nerve re- 
section. As described above, more extensive resec- 
tion of the RLN in cases with PTD results in more 
sacrifice of the esophageal branch than in laryngec- 
tomy alone. Thus, in the subjects with PTD, these 
limits were located more inferiorly than in subjects 
without PTD. 


Therefore, it may be concluded that contraction 
and closure of the cervical esophagus is regulated 
by the esophageal branch of the RLN. 


Esophageal pressure has been measured for indi- 


rect determination of subglottic pressure,’ since good | 


correlation exists between the two pressures.9 How- 


ever, Ladefoged? noticed considerable differences in 
pressures recorded in different parts of the esopha- 
gus, especially toward the end of expiration. He men- 
tioned a progressive increase of pressure in the up- 
per esophagus as expiration proceeded, while the 
central portion did not show such a pressure change. 
Closure of the cervical esophagus caused by muscle 
contraction synchronized with expiration may ac- 
count for the increased pressure. Absence of a pres- 
sure increase in the mid-esophagus suggests that 
contraction is réstricted to the cervical portion. Thus, 
as mentioned above, the upper third of the esopha- 
gus, composed of striated muscle, is not the same 
functional unit as the lower two thirds, composed of 
smooth muscle. 


The functions of the cricopharyngeus muscle, re- 
garded as the main component of the upper esoph- 
ageal sphincter, are to control passage of food and 
liquid down to the esophagus, to prevent reflux of 
fluid from the esophagus, and to prevent passage of 
air into the esophagus.!° The physiological signifi- 
cance of contraction of the cervical esophageal mus- 
cle is believed to resemble the third of these func- 
tions. This protective mechanism, which remains in- 
tact after total laryngectomy, has proven important 
for effective TE phonation. 


In esophageal speech, another major means for 
voice restoration, air is ingested and trapped in the 
esophagus and expelled into the oral cavity for pho- 
nation. The dynamics of the esophageal lumen in 
such phonation depend upon the contraction of the 
esophageal muscle. Since the esophageal voice is 
produced during the expiratory phase, such contrac- 
tion presumably derives. from the contraction that 
occurs in synchrony with expiration. Considering 
that esophageal speakers use less air for phonation 
than TE speakers, we conclude that expiratory esoph- 
ageal contraction is probably more important for 
esophageal speech than for TE speech. 
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Endoscopic diverticulotomy for the treatment of Zenker’s diverticulum has been reported infrequently in the literature and has 
engendered considerable controversy. Between March 1992 and September 1996, we attempted to treat 102 patients with endoscopic 
treatment for pharyngoesophageal diverticula. In 98 patients, the endoscopic surgery was successfully completed. Conversion to 
open surgery was required in 4 patients (3.92%). One cartridge of staples in 16 patients (16.32%), 2 cartridges in 78 patients 
(79.59%), and 3 cartridges in 4 patients (4.08%) were used, according to the size of the diverticulum; the median duration of the 
procedure was 20 minutes (10 to 60 minutes). No postoperative morbidity or mortality was recorded. Oral feeding was started 
following radiologic control after a median of 2 days; the median hospital stay was 4 days. The median follow-up is 16 months (1 to 
45 months). Four patients operated on before the introduction of the modified stapler showed a persistent diverticular pouch: 3 
underwent repeat endoscopic operation, and 1 underwent conventional open surgery. All treated patients are asymptomatic. Manometric 
study performed in 15 patients showed a significant reduction of basal upper esophageal sphincter pressure compared to preoperative 
data (48.30 + 21.74 versus 29.38 + 5.68 mm Hg; p < .01). We therefore recommend endoscopic diverticulotomy, considering that the 
procedure is relatively safe and effective, with minimal patient discomfort, and the results are equal to those of the external approach. 
This procedure offers the advantages of short hospitalization, rapid convalescence, brief operative time, absence of skin incision, 


predictable resolution of symptoms, and reduced morbidity. 


KEY WORDS — endoscopic diverticulotomy, pharyngoesophageal diverticulum, Zenker’s diverticulum. 


INTRODUCTION 


Zenker’s diverticulum or pharyngoesophageal di- 
verticulum is a mucosal pouch bulging from the pos- 
terior pharyngeal wall, between the fibers of the in- 
ferior constrictor and the cricopharyngeal muscles 
(Killian’s triangle)! (Fig 1A). The roles of esophageal 
dysfunction (such as hypertonia, incoordination, or 
incomplete relaxation of the upper esophageal sphinc- 
ter [UES]) and of anatomic defects (weakness of Kil- 
lian’s triangle and cricopharyngeal fibrosis) in the 
pathogenesis of Zenker’s diverticulum are not com- 
pletely understood. Surgery is indicated to relieve 
symptoms such as dysphagia and regurgitation and 
to prevent aspiration. Standard surgical treatment in- 
cludes cricopharyngeal myotomy and diverticulecto- 
my through cervicotomy,?3 although myotomy alone 
may be sufficient in small diverticula.4 The endo- 
scopic approach first proposed by Mosher® consists 
of division of the septum between the cervical esoph- 
agus and the pouch, thus allowing opening of the 
diverticulum into the esophageal lumen (esophago- 





diverticulotomy) and achieving partial section of the 
UES fibers. This operation has been performed with 
electrocoagulation or laser in several patients®; 
although reported results are satisfactory, potential 
complications such as bleeding, perforation, and me- 
diastinitis limited its application in elderly and high- 
risk patients. Recent introduction of endoscopic stap- 
ling devices (introduced by Collard from Belgium) 
allowing tissue sealing and better hemostasis re- 
newed the interest in endoscopic surgery for Zenker’s 
diverticulum.!°!5 We report results of the transoral 
approach to pharyngoesophageal diverticulum with 
the use of an endoscopic stapler in 102 patients. 


MATERIALS AND METHODS 


Between March 1992 and September 1996, 102 
patients with Zenker’s diverticulum were treated at 
the Padua and Milan medical schools. There were 
78 men and 24 women with a median age of 66 years 
(range 38 to 92 years), all complaining of dysphagia 
and food regurgitation. The preoperative workup in- 
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Fig |. Radiographs. A) Pharyngoesophageal diverticulum in anterior view. B) Large divertic ~~ longer thar 

indicating endoscopic treatment. C) Postoperative anterior view showing complete absence of diverticulu 
cluded barium swallow study, upper gastrointestinal screw lifts the lower blade in parallel from 18 mm ti 
tract endoscopy, and esophageal manometry in all 30 mm, and abduction of the lower blad jer 
cases. The median size of the diverticulum pouch formed by moving the frontal turn-screw. After clean 
measured by flexible or rigid endoscopy was 4.0 cm visualization of the esophageal lumen, the diverti 
(range 2 to 8 cm). A radiologic study with water- ulum pouch, and the interposed septum, the diverti 
soluble contrast was performed in all patients before uloscope is fixed and held in pl; ice b ins of 
resumption of oral feeding. Clinical evaluation was Benjamin-Parsons laryngoscope holder and chest 
scheduled at | and 4 weeks from the operation and support. A 4-mm wide-angle 0° te dle scope Is inserted 
every 6 months thereafter. Fifteen patients underwent through the diverticuloscope, which is connected to 
manometry during follow-up: the mean values of ba- a cold light source and to a Telecam Pal vide: 
sal and residual UES pressure and mean UES length in order to achieve magnified vision of the operativ 
were compared to preoperative data. Student’s f-test field on a video monitor placed at the patient’s left 
was used for statistical analysis. side. The retained food material and th 

diverticular sac is suctioned and the muco ire 

The procedure is performed with the patient under fully inspected (Fig 4A). The depth of the divertic 
general anesthesia with nasotracheal or orotracheal ulum may be checked with a graduated rod (Fig 5 
intubation. The patient is placed supine on the oper- Esophagodiverticulostomy is performed wit iod 
ating table with the neck hyperextended and the sur- ified disposable Endo-GIA 30 stapler (USSC, Nor 
geon sitting behind the patient’s head. The Weerda walk, Conn) with a shorter anvil (Fig 2C), thus allov 
distending diverticuloscope (Karl Storz, Tuttlingen, ing tissue stapling and sectioning down to otton 
Germany; Fig 2A,B) is introduced under direct vision of the septum. The instrument blades a 
into the oral cavity, allowing the double-lipped diver across the septum along the midline bet 
ticuloscope to enter with the upper blade in the esoph- (Fig 3B). Multiple applications may be n ul 
ageal lumen and the lower blade in the diverticulum according to the size of the diverticulum, Straight e1 
(Fig 3A). Visualization was increased by maximum doscopic insulated scissors with slim ja nay be 
expansion after insertion and optimum adaptation by used to complete the section at the distal end of the 


2 turn-screw mechanisms. Moving the lateral turn staple line (Fig 4B). Finally, the suture line is checke 
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for hemostasis and the hypopharynx is irrigated with 
saline solution. The use of electrocautery is limited 
to a minimum: low voltage and the use of fully in- 
sulated instruments are mandatory. Positioning of a 
nasogastric tube at the end of the procedure is op- 
tional. 
RESULTS 

The procedure was successfully completed endo- 
scopically in 98 patients out of 102 affected with 
Zenker’s diverticulum, whereas conventional left cer- 
vicotomy was required in 4 patients: in | due to lim- 
ited neck extension in an 85-year-old woman, in | 
due to persistence of the diverticular pouch after the 


Fig 3. Schematic renderings of in- 
strument positioning. A) Endo- 
scopic position of diverticulo- 
scope: upper blade is in esopha- 
geal lumen, and lower blade is in 
diverticulum. B) Correct position 
of modified Endo-GIA blades be- 
fore esophagodiverticulostomy, 


Fig 2. Instruments. A,B) Weerda distending di- 
verticuloscope. A) Front view of endoscope. 
B) Correct position of endoscope introduced 
in oral cavity. C) Disposable Endo-GIA 30 stap- 
ler. Inset) At top is original anvil of distal end 
of disposable Endo-GIA 30; at bottom is mod- 
ified distal end of stapler with part of anvil 
sawed off. 


second endoscopic attempt, and in 2 due to the oc- 
currence of a mucosal tear during stapler insertion 
(1.96% conversion rate). One single application of 
the linear stapler was used in 16 patients (diverticula 
ranging between 2 and 2.5 cm), 2 applications were 
used in 78 patients, and 3 applications were used in 
4 patients (larger diverticula). The median duration 
of the endoscopic procedure was 20 minutes (range 
10 to 60 minutes). No postoperative morbidity or 
mortality was recorded. Analgesic medications were 
administered during the first 24 hours upon the pa- 
tient’s request. A nasogastric tube was left in place 
in the first 51 patients and removed after Gastrografin 
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swallow after a median delay of 48 hours, and in the 
other 51 patients, a nasogastric tube was not posi- 
tioned. A soft diet was resumed thereafter, and pa- 
tients were discharged on the following day. The me- 
dian postoperative hospital stay was 4 days. 


All patients were asymptomatic after a median fol- 
low-up of 16 months (range | to 45 months). Four 
patients among those who were operated on before 
the introduction of the modified stapler had recurrent 





Fig 5. Graduated rod in diverticulum, measuring depth 
of pouch, 


Fig 4. Endoscopic views. A) Diverticulum pouch and interposed septum 

Section of distal end of staple line with straight endoscopic in I scisso 
C) After dividing cricopharyngeal muscle with Endo-GIA 30 le line 

staples ensures hemostasis of 2 wound edges 


symptoms due to persistence of a small residual di 
verticular pouch; 3 of them underwent a 
doscopic treatment for completion of the esophago 
diverticulotomy, and | eventually required open di 
verticulectomy and myotomy. Two patients required 
conversion to open surgery due to a mucosal tear 
that occurred during use of the endoscopic stapler 
Postoperative radiologic study revealed free flow of 
the contrast medium through the pharyngoesopha 
geal junction in all patients, despite evidence of a 
short spur between the diverticulum and the esoph 
ageal lumen in most lateral views. These results wert 
confirmed by videofluorographic evaluation ob 
tained in 5 patients. Four further patients underwent 
radionuclide study, showing that 50% of pharyngeal 


econd en 


clearance was reached in a mean delay of 2.1 sec 
onds. Comparison of manometric data in a group of 
15 patients who underwent both preoperative and 


postoperative motility studies yielded the following 
results (mean + SD): basal UES pressure, 48.30 
21.74 versus 29.38 + 5.68 mm Hg (p < .01 ); residual 
UES pressure, 4.9 + 3.41 versus 2.53 + 3.23 mm Hg 
(not significant); and UES length, 2.37 + 0.94 versus 
1.91 + 0.46 cm (not significant). 


DISCUSSION 


Physiological study of the pharyngoesophagea 
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junction indicates that normalization of the under- 
lying motor disorder through cricopharyngeal myot- 
omy is the main step in management of Zenker’s 
diverticulum,!®!7 while excision of the pouch is in- 
dicated to prevent food retention and aspiration. The 
endoscopic approach fulfills these criteria, creating 
acommon cavity and reducing the functional outflow 
obstruction, thus allowing free transit of the bolus 
into the esophageal lumen. !8-!9 Expected advantages 
over open diverticulectomy include shorter operative 
time, absence of skin incision, minimal postoperative 
pain, quicker resumption of oral feeding, and shorter 
hospital stay. Complications such as bleeding, sali- 
vary fistula, vocal cord palsy, surgical emphysema, 
neck abscess, esophageal stenosis, and mediastinitis 
resulting from perforation have been reported with 
the standard surgical treatment, use of electrocoag- 
ulation, and laser. !8 


Endoscopic linear staplers represent an elegant 
solution to these potential risks.2° At each “firing,” 
the instrument places 2 triple staggered rows of ti- 
tanium staples, achieving perfect hemostasis while 
the knife cuts between them; neither bleeding nor 
suture leakage occurred in our series (Fig 4C). The 
early postoperative outcome observed in these pa- 
tients confirms improvement of the patient’s comfort 
and a quicker recovery compared to myotomy and 
diverticulectomy performed through cervicotomy. 
Although this represents an advantage for elderly and 
compromised patients, it is not possible to perform 
the operation under simple local anesthesia. 


Correct positioning of the diverticuloscope blades 
across the septum is essential. Reaching the bottom 
of the pouch may be difficult and hazardous in case 
of diverticula developing toward the left side of the 
esophagus, which should therefore be regarded as a 
relative contraindication to the endoscopic approach. 
Moreover, stapler manipulation may prove difficult 
in patients with limited mouth opening or reduced 
neck extension — often occurring in elderly patients. 
Two patients in our series required conversion to 
open surgery due to difficulties in stapler introduc- 
tion, resulting in a mucosal tear. The operation was 
completed through a left cervicotomy, and the post- 
operative course was uneventful in both cases. Clin- 
ical and radiologic evaluatidn of the cervical spine 


is therefore recommendéd whenever osteoarthritis 
is suspected. 


Diverticula smaller than 2 cm cannot be success- ` 
fully treated with this method, because the section 
line is too short to allow division of the UES fibers. 
The length of the staple line is approximately 3 cm, 
and multiple applications may be required to com- 
plete esophagodiverticulotomy in cases of deeper di- . 
verticula. In fact, 2 cartridges were used in 79.59% 
of patients, and the median diverticulum size in our 
series was 4 cm. On the other hand, diverticula longer 
than 6 cm (Fig 1B) and large diverticula represent in 
our opinion a relative contraindication to endoscopic 
treatment, since the residual pharyngeal cavity may 
be too large to allow easy emptying upon swallowing. . 


_ The instrument anvil (which is pushed against the 
bottom of the diverticulum) is a few millimeters long- 
er than the staple line; the distal part of the septum 
may thus be left intact, resulting in a residual spur 
responsible for persistent symptoms. This short- 
coming, observed in 4 of our early cases, prompted 
us to modify the stapler by cutting off the distal end 
of the anvil in order to allow staple application to - 
the very bottom of the diverticulum. Complete symp- 
tom relief was achieved in all patients operated on 
with the modified stapler. Postoperative radiologic 
evaluation often shows a small spur on lateral views, 
which may be misinterpreted as a persistent diver- 
ticulum by an inexperienced radiologist (Fig 1C). 
Such a finding has no clinical significance; in fact, 
videofluorographic and radionuclide studies confirm 
normal pharyngoesophageal clearance, and patients 
are asymptomatic. Comparison of manometric data 
obtained before and after endoscopic stapled esoph- 
agodiverticulostomy in 15 patients showed a signif- 
icant reduction of basal UES pressure, confirming 
the effectiveness of cricopharyngeal myotomy per- 
formed endoscopically; as Previously demonstrated 
in our laboratory. 


In conclusion, early results achieved with endo- 
scopic surgery for Zenker’s diverticulum using a me- 
chanical stapler are promising. The procedure seems 
to be relatively safe and effective and minimally in- 
vasive. The postoperative course is undoubtedly sim- 
plified, and the patient’s comfort is greatly improved. 
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‘INTRODUCTION 


For the workup of patients with swelling of the 
parotid glands, several diagnostic imaging modali- 
ties are available. X-ray sialography, introduced in 
the 1920s,! is still the gold standard for demonstra- 
tion of sialectasis, radiolucent calculi, duct strictures, 
and inflammatory diseases of the salivary gland duct 
system. However, in the last few decades, ultrasound 
and cross-sectional imaging techniques such as com- 
puted tomography and magnetic resonance imaging 
(MRI) have gained increasing importance in the clini- 
cal evaluation of such entities. 


Magnetic resonance imaging reliably identifies 
parenchymal lesions in the salivary glands.2> Re- 
cently, the diagnostic scope of MRI in salivary gland 
disease has been expanded by the introduction of 
magnetic resonance (MR) sialography, a noninvasive 
technique to visualize the parotid duct system. With 
a T2-weighted sequence and an exceptionally long 
echo time, images are produced in which almost all 
remaining image intensity originates from static or 
nearly static fluid with long T2 relaxation times. Hu- 
man saliva in the duct system of the large salivary 
glands will be depicted as a bright structure, while 
signals originating from surrounding solid tissue 
have mostly decayed at these echo times. The tech- 
nique is described elsewhere in detail.*+® 


Pneumoparotitis results from increased intrabuccal 
pressure and insufflation of air through Stensen’s 
duct. It may occur during dental instrumentation or 
general anesthesia and can be an occupational haz- 
ard among glassblowers and wind instrumentalists. 
Far more difficult in diagnosis is habitual autoinsuf- 


flation of the gland that may be encountered in ado- . 


lescents, who often have psychological problems. 


CASE REPORT 
A 14-year-old girl presented to the otolaryngol- 


ogy service with a 3-year history of multiple epi- 
sodes of sudden preauricular swelling. Acute exac- 
erbation occurred at intervals of several weeks, with 
resolution of symptoms under oral antibiotics over 
the ensuing few days. On examination, both parotid 
glands were noted to be enlarged significantly, but 
did not show signs of inflammation at that time. In 
the oral cavity, frothy, air-filled saliva was exuding 
from the orifices of the left and right Stensen’s ducts. 
Playing of a wind instrument was denied. On fur- 
ther questioning the girl complained of a constant 
itching in both external ear canals that had been un- 
responsive to treatment for years. On further careful 
questioning, the patient admitted to puffing her 
cheeks whenever the itching became unbearable. She 
claimed to get some relief from her discomfort by 
using this maneuver. After she had demonstrated the 
maneuver, pressure over the left parotid gland caused 
a flow of saliva mixed with many air bubbles from 
Stensen’s duct. 


High-Resolution Magnetic Resonance Imaging. 
The MRI examination was performed on a 1.0-T 
whole body MRI system (Gyroscan T10-NT; Philips, 
Best, the Netherlands) with a standard circular sur- 
face coil that had an inner diameter of 8 cm. The 
patient was examined in the supine position with the 
head positioned in a headrest. The surface coil was 
placed over the parotid region. After an axial survey 
scan, the morphology of the parotid gland was de- 
picted with a T2-weighted fast spin echo sequence 
(TR/TE = 2,500 milliseconds [ms]/110 ms). Coro- 
nal and axial images with 22 sections of 3-mm slice 
thickness were obtained. The field of view was 90 x 
72 mm, measured with a matrix of 256 x 144. With 
an echo train length of 13 and 4 signal averages, the 
total scan duration was 3 minutes 53 seconds. Fig- 
ure 1 shows massive luminal widening of Stensen’s 
duct between the parotid gland, masseter muscle, and 
buccal muscle. There is complete loss of signal in- 
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Fig 1. Axial magnetic resonance image (TE/TR = 110/ 
2,500 milliseconds) of left parotid gland. Shows mas- 
sive luminal widening of Stensen’s duct (arrows) between 
parotid gland (1), masseter muscle (2), and buccal muscle 
(3). There is complete loss of signal inside parotid duct 


due to air insufflation. V ventral, D dorsal. | 


lateral, A — anterior 


side the parotid duct due to air insufflation. The pa- 
rotid gland shows a normal diameter and inner struc- 
ture without insufflated air or typical signs for acute 
or chronic inflammation. 


Magnetic Resonance Imaging Sialography. Fol- 
lowing the acquisition of the axial and coronal mor- 
phologic images, a single 30-mm-thick oblique sag- 
ittal slab through the parotid gland, including the re- 
gion of Stensen’s duct, was obtained. A heavily T2- 
weighted fast spin echo sequence with a TR of 3,600 
ms and a very long TE of 800 ms was used with a 
field of view of 120 x 96 mm, measured in a matrix 
of 512 x 287. Applying an echo train length of 77, 
the scan time was 4 minutes 51 seconds with 16 sig- 
nal averages. A presaturation slab was positioned in 
the direction of the phase-encoding gradient to pre- 
vent fold-over. 


Prior to MR sialography, the patient was asked to 
puff her cheeks repeatedly in order to provoke auto- 
insufflation. Figure 2 shows the subsequently per- 
formed MR sialography. Stensen’s duct shows pro- 
nounced widening in its peripheral segment, and re- 
turns to normal diameter only at the first bifurca- 
tion. High signal intensity shows that the insufflated 
air has already been replaced by saliva. The image 





+ 


Fig 2. Maximum-intensity projection (late 

left Stensen’s duct on magnetic resonar 

Orientation is comparable to that of cony 

raphy, Shows pronounced widening of St 

its peripheral segment (arrows) and normal d 

at first bifurcation (1). High signal intensit hat 
insufflated air has already been replaced 

ventral, d — dorsal 


quality is restricted due to slight motion artifact 
nevertheless, primary and secondary branching duct 
are clearly depicted, and segmental duct stricture 


and an irregular lumen width can be excluded 


Since thorough otoscopic examination led1 
sign of inflammation in the external ear cana 
referral for psychiatric counseling was suggested t 
the girl and her parents. This, however, was ult 
mately refused. She was advised to chang be 
havior, but was later lost to follow-up 


DISCUSSION 
Pneumoparotitis is a rare cause of enlarger 
the parotid gland that results from insufflation of air 
into the ductal system. It may be a transient phenon 
enon due to increase of intrabuccal pressure for 


ferent reasons (see Goguen et al’ for an 

Recurrent pneumoparotitis is highly suspect to be 
self-induced. It may be an unconscious habit o1 
deliberate attempt. A famous example of the latter i 
the case of several French Foreign Legion soldiers 
at the turn of the century who induced pneumopat 
otitis by blowing into a small bottle to | un 
wanted duty.* In adolescents the phenomenon is usu 


ally associated with psychosocial problems and may 
be seen as an expression of Munchausen syndrome 

Identification of the inciting maneuver, together wit! 
psychiatric therapy designed to curb the habit, is the 
treatment of choice. In our example, however, thi 


patient did not comply. 


High-resolution MRI using a surface co 
sialography, if available, can be a very helpful diag 


Z 
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nostic tool in this group of patients, from our point 
of view. In contrast to x-ray sialography, it is abso- 
lutely painless, an advantage that should not be un- 
derestimated in patients with alleged psychiatric dis- 
orders. Duct cannulation, often difficult and poten- 
tially leading to duct stricture,'° is unnecessary, and 
there is no injection of contrast agents. Further ad- 
vantages of this new technique are the lack of radia- 
tion exposure and its feasibility even in the presence 
of acute inflammation of the gland, which is consid- 
ered a contraindication for x-ray sialography. How- 
ever, it must be admitted that a good-quality com- 


puted tomography scan would most likely render an 
accurate diagnosis of pneumoparotitis as well. 


We conclude that high-resolution MRI combined 
with MR sialography ts a valuable tool in the workup 
of suspected recurrent pneumoparotitis. The tech- 
nique is free from side effects and can be performed 
with standard equipment. In combination with care- 
ful questioning of the patient, the often difficult di- 
agnosis can be established definitively. Thus, unnec- 
essary and potentially harmful diagnostic tests and 
incorrect treatment can be avoided. 
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